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Preface

This book presents a compilation of significant technical
data relative to Mariner Mars 1964. Its purpose is to collect,
in one location, a wide variety of statistical information that

would otherwise be scattered throughout a large number of
miscellaneous documents. The information presented here
pertains primarily to the Mariner spacecraft, itself; it does

not include the Launch Vehicle System, the ground support
equipment, the Deep Space Network System, or other areas

of the total Mariner Mars 1964 project.

The primary Mariner Mars ]964 mission is considered in

this book to have ended on October 1, 1965. Historical data
are carried only to that date, although some orbital parame.

ters are projected to 1967 and 1971 in the tables and figures.

It is expected that the user of this handbook will have

some familiarity with the terminology, operational procedures,
and engineering concepts related to an interplanetary space-
craft project and, specifically, to the Mariner Mars 1964 proj-
ect. The handbook's function is more to remind those who
already know than to instruct those who don't.

A list of documentspertaining to the Mariner Mars 1964

mission is included (Table 25) for reference purposes. The
list is complete as of the publication date of this handbook,
but many articles and reports are still being prepared and
will continueto be published for sometime to come.
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ABSORPTIVITYSTANDARD

reference designationof subsystem
reflective properties (_/_)

aluminum silicone sample
black sample
polishedaluminum sample
white sample

resistors, numberof in each sample
samples

number of

types of

11FM1

0.89

1.04
5.0
0.28

13

4

black, white,
aluminumsilicone,
polished aluminum

within 0.2 °F
12

approx. 1 Ib

surfaces

aluminumsilicone sample UCl1659
black sample Cat-a-lac
polished aluminumsample aluminum
white sample ARF-2

temperature
history (see Figs. 10 through 13)
measurementaccuracy
steps measuredper sample

weight

ACQUISITION(see SunAcquisition,Star Acquisition)

ALBEDO(see Mars)

ALPHAPARTICLES(see Scientific Data, CosmicRayTelescope)

ALTITUDE

above Mars at closest approach

above Mars during encounter sequence
(see Fig. 39)

above Earth and Mars during mission
(see Table 3)

above Mars at closest approachprior to
midcoursemaneuver

ANTENNA(see High-GainAntenna, Low-GainAntenna)

9,846.6 km
6,118.4 mi

249,452 km
155,009 mi

APHELION(see Orbit Data)

ASTRONOMICALUNIT (see Orbit Data)



ATMOSPHERE,MARTIAN(seeScientificData)
ATTITUDECONTROL(seealsoCanopusTracker,

EarthDetector,GyroControlSystem,Solar
Vanes,SolarSensors)
electrical components,number of (see Table 9)

electronics, location of
flight nozzle thrust levels (at 15 psi)

pitch and yaw
roll

gas
consumptionnear Earth

consumptionnear Mars
lifetime remainingat end of mission

pressurevessel, diameter
pressurevessel designednitrogen capacity

(2 each)

pressurizationin vessels

weight at launch
weight at end of mission
weight consumedduring mission
weight vs time (see Fig. 26)

gas jets
number of

location of (see Fig. 3)

gasvalve
responsetime to open
responsetime to close
valve inlet pressure

gyrooperation time after Canopussensor
acquires an object

pitch and yaw
deadband(observed)

rate increment (observed)
reference designationsof subassemblies

(see Table 8)
roll

commandedroll searches,number
performed (DC-21)

deadbandobserved

rate increment, observed

roll searches,total numberperformed
roll transients, total number observed

from DC-15 to encounter

1397

Bay VII

2.32 x 10_1b
3.90 x 1031b

0.00376 Ib/day
0.00338 Ib/day
3.16 yr
9 in.

2.50 Ib
2500 psi ÷ 300 psi
61_70°F
5.18 Ib
4.08 Ib
1.10 Ib

12

5 msec
5 msec

15 psi

200 sec

-+8.6 mrad

± 18.4 #rad/sec

15
-+4.5 mrad

_+14.0 #rad/sec
25

4O
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ATTITUDECONTROL(Cont'd)

roll rate

magnetometer calibration

Canopus search
star acquisition diagram (see Fig. 9)
star acquisitionsequences

first sequence

after aborted midcoursemaneuver

after successfulmidcoursemaneuver

after loss of Canopus
after loss of GammaVelorum

thrust levels (see flight nozzle,above)

weight, subsystem

BATTERY(see Power)

BAYS,SUBSYSTEMLOCATIONSIN

attitude control and central computer and
sequencer

data encoder and commandsubsystem

power
power regulator and battery
propulsion
RF communications
RF communications(transmitter)
RF communications(receiver) andtape

recorder

scientific equipmentand data automation
system

BIBLIOGRAPHY(see Table 25)

BIT RATE

capability

at launch
changeoverto 8-1/3 bps (see MT-6)

BLACKSPACEPICTURESEQUENCE

date
time

dayof flight
communicationtime (one way)

Earth-probe-Sun angle

3.5 mrad/sec
2.0 mrad/sec

Markab, Regulus,
Naos, Gamma
Velorum, Canopus
5 non-Canopus
stars, Regulus,
Naos, Canopus
GammaVelorum,

Canopus
GammaVelorum

Canopus

63.29 Ib

BayVII
Bay IV

Bay I
Bay VIII
Bay II
Bay Vl
Bay V

Bay III

33-1/3 and
8-1/3 bps

33-1/3 bps

30 Aug 1965
20:30:00
275
15 min 56 sec

33.4 deg



BLACKSPACEPICTURESEQUENCE(Cont'd)

Canopus-probe-Sunangle

spacecraft celestial longitude
spacecraft celestial lattitude
Earth celestial longitude
Mars celestial longitude

spacecraft distance from Earth

spacecraft distance from Mars

spacecraft distance from Sun

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
commandssent, numberof
pictures recorded, number of
pictures playedback, numberof

BOOSTERREGULATORS(see Power)

77.6 deg
248.8 deg

0.95 deg
336.4 deg
251.7 deg
274,250,430 km
170,419,217 mi
17,846,073 km

11,089,036 mi
235,311,890 km
146,222,808 mi
614,017,547 km
381,614,386 mi
80,469.2 mph
10,370.4 mph

48,310.2 mph
11

10-1/2
5

CANOPUSACQUISITION(see Attitude Control,

CanopusTracker)

CANOPUS-PROBE-SUNANGLE

midcoursemaneuver

changeover to traveling wave tube amplifier
DC-15Canopus gate override event
MT-6 changeoverto 8-1/3 bps
cover drop event
MT-1 Canopus cone angle update
MT-5 changeoverto high-gainantenna
MT-2 Canopus cone angle update

MT-3 Canopuscone angle update
MT-4 Canopus cone angle update
closest approach
black space picture sequence
end of mission

from end of missionthrough 1971(see Fig. 47)

CANOPUSTRACKER

cone angle at launch (preset)
cone angle change increment

cone angle limits

102.2 deg
103.1 deg

103.5 deg
104.1 deg

101.4 deg
99.3 deg
98.5 deg
94.5 deg
89.8 deg
85.3 deg
82.2 deg
77.6 deg
75.3 deg

100.2 deg

4.6 deg
75 to 105 deg



CANOPUSTRACKER(Cont'd)

cone angle updates (see also MT-1, MT-2,
MT-3, MT-4 major headings)

MT-1 (27 February 1965)
MT-2 (2 April 1965)
MT-3 (7 May 1965)
MT-4 (10 June 1965)

Option 1, DC-17(27 August1965)
electrical components,number of
electron aperture dimensions
field of view

cone direction
clock direction
excursionof cone field of view

focal length
high-gatelimit

high voltage value at Canopusintensity

light level required for 0.04 x Canopus
linear range
null accuracy
power required
reference designationof unit
roll search rate of spacecraft for star

acquisition
scale factor

sensitivity threshold

speed
effective

geometric
weight

CAVITYAMPLIFIER(see Radio)

CELESTIALLATITUDE,MARINER IV

midcourse maneuver

changeoverto traveling wavetube amplifier
DC-15 Canopusgate override event
MT-6 changeoverto 8-1/3 bps

cover drop event
MT-1 Canopuscone angle update
MT-5 changeoverto high-gainantenna
MT-2 Canopuscone angle update
MT-3 Canopuscone angle update
MT-4 Canopuscone angle update

closest approach

95.7 deg
91.1 deg
86.5 deg
82.0 deg
77.8 deg
289

0.160 x 0.012 in.

11 deg
4 deg
34 deg
0.8 in.

8 x Canopus

brightness
1000 v
0.21 ft-c

± 0.85 deg
0.125 deg
1.45 w
7CS8

0.116 deg/sec
8 v/deg +_20%

0.04 x Canopus
brightness

f/1.0
f/0.6
5.30 Ib

1.31 deg
3.22 deg
4.21 deg

7.63 deg
0.12 deg
0.13 deg
0.13 deg
0.12 deg
0.10 deg
7.23 deg
4.56 deg



CELESTIALLATITUDE,MARINERIV (Cont'd)

black space picture sequence
end of mission
from end of mission through 1966 (see Table4)

through 1971 (see Fig. 40)

0.95 deg
1.5 deg

CELESTIALLONGITUDE,EARTH

injection
midcourse maneuver

changeoverto traveling wave tube amplifier
DC-15Canopusgate override event
MT-6 changeoverto 8-1/3 bps

cover drop event
MT-1 Canopus cone angle update
MT-5 changeover to high-gainantenna
MT-2 Canopus cone angle update
MT-3 Canopus cone angle update
MT-4 Canopus cone angle update
closest approach
black space picture sequence
end of mission

from end of mission through 1966 (see Table 4)

CELESTIALLONGITUDE,MARINERIV

injection
midcourse maneuver

changeoverto traveling wavetube amplifier
DC-15 Canopus gate override event
MT-6 changeoverto 8-1/3 bps
cover drop event
MT-1 Canopusconeangle update
MT-5 changeoverto high-gainantenna
MT-2 Canopuscone angle update
MT-3 Canopuscone angle update
MT-4 Canopus coneangle update
closestapproach

black space picture sequence
end of mission

from end of missionthrough 1966 (see Table 4)
through 1971 (see Fig.46)

CELESTIALLONGITUDE,MARS

launch
midcoursemaneuver

changeoverto traveling wave tube amplifier

DC-15Canopus gate override event

66.4 deg
73.6 deg
81.6 deg
85.9 deg

]03.0 deg
142.4 deg
158.8 deg
164.8 deg
192.6 deg
226.8 deg
263.2 deg
292.4 deg
336.4 deg

7.6 deg

66.4 deg
74.3 deg
83.0 deg
87.6 deg
105.0 deg

140.0 deg
152.5 deg

]56.9 deg
175.2 deg
195.0 deg
213.8 deg
227.8 deg
248.8 deg
263.4 deg

124.4 deg
127.5 deg
131.0 deg
132.9 deg

• 6



CELESTIALLONGITUDE,MARS(Cont'd)
MT.6changeoverto8-1/3 bps 140.3 deg

cover drop event ].57.3 deg
MT-1 Canopuscone angle update 164.4 deg

MT-5 changeoverto high-gain antenna 167.0 deg
MT-2 Canopus cone angle update 179.4 deg
MT-3 Canopus cone angle update 195.1 deg
MT-4 Canopus cone angle update 212.9 deg

closestapproach 227.8 deg
black space picture sequence 251.7 deg
end of mission 269.6 deg

CENTEROF GRAVITY(see Spacecraft)

CENTRALCOMPUTERANDSEQUENCER

basic timing frequency output
central clock oscillator

frequency
frequency error during flight (see Fig, 25)
frequencystability

command descriptions(see Table 20)
commands

launch phase
midcourse maneuver phase

cruise phase
midcourse maneuver turn timing

cyclic, every 66-2/3 hr
commands, number of
cyclics, numberof as of end of mission
electrical components, number of (see Table 9)

frequency outputs

location on spacecraft
operation time, prelaunch
operating temperature range (FA temperatures)
power required (2.4-kc square wave)

during boost 11 w
during cruise 5.5 w

reference designations of subassemblies
(see Table 8)

voltages required for operation
input (2.4-kc square wave)
internal dc voltages

38.4 kc

307.2 kc

+__0.01%@ -10
to +75°C

I.-1 throughL-3
M-1 through M-7
MT-1 through MT-9
TM2-B
CY-1
21
111
2574

38.4 kc, 1 pulse/
66-2/3 hr

Bay VII
650 hr
14 to 167°F

50 v ac _20%

65 vdc ±20%,
28 vdc ±20%,
16 vdc ±20%



CENTRALCOMPUTERAND SEQUENCER(Cont'd)

weight (see also Table 10)

CHRONOLOGY(see Dates, EventTimes)

CLOCK(see Central Computerand Sequencer)

CLOCKANGLE

explanation of (see Fig. 4)
Earth clock angle through 1971 (see Fig. 43)

11.38 Ib

CLOSESTAPPROACHTO MARS(see also Encounter)

date
day of flight
time
communication time (one way)

Earth-probe-Sun angle
Canopus-probe-Sun angle
spacecraft celestial longitude

spacecraft celestial lattitude
Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

distance traveled along heliocentric arc

spacecraft distance from center of Mars

spacecraft altitude above Martian surface

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

15 Jul 1965
228
01:00:58

12 min, 1.5 sec
39.4 deg
82.2 deg
227.8 deg
4.56 deg

292.4 deg
227.8 deg
216,303,650 km
134,411,080 rni
232,500,420 km
144,475,760 rni
524,373,]00 krn
325,900,000 rni
13,200.6 krn
8,202.4 mi
9,846.6 krn
6118.4 mi

66,732.4 mph
11,379.0 rnph
47,479.1 rnph

COGNIZANTENGINEERSANDSCIENTISTS(see Personnel)

COMMANDSUBSYSTEM

commandbit rate 1 bps
commandformat (see Fig. 15)

location on spacecraft Bay IV
number of bits per commandword 26
numberof direct commands(DC) 29

electrical components,numberof (see Table 9) 2787
number of quantitative commands(QC) 1

8



COMMANDSUBSYSTEM(Cont'd)

number of significant bits per DC command 9
numberof significant bits per QCcommand 26
power required, nominal ,<2.50 w
reference designationsof subassemblies

(see Table 8)

subsystemsusingcommands
attitude control 8

central computer and sequencer (includes
QCcommands) 4

data automationsystem 2
data encoder 6

power 4

pyrotechnic 5
radio 6

video storage 1
total (Note: some commandshave

multiple destinations) 36

weight (see Table 10) ]0.12 Ib

COMMANDS

commanddescriptions (see Tables 21 and 22)
numberof commandssent as of end of mission

total 79

QC commands(Note: QCI-1, -2, and -3 are
consideredas one QC command) 3

DC commands 76

to establish first Canopus lock 3
during aborted midcourse maneuver 5
to reestablish Canopus lock ]0
during midcoursemaneuver 4
to reestablish Canopus lock 2

during changeoverto travelingwave tube
amplifier 1

during Canopus gate overrideevent 1
during cover drop event 12
during encounter ]1
to reestablish cruise mode after picture

playback 3
during aborted black space picture

sequence 12
during maneuver inhibit sequence 2
for final (optional) coneangle update ]
duringblack space picture sequenceand

playback 11
to end mission 1



COMMANDS(Cont'd)
number of commandssent, by function

DC-2 21
DC-3 3
DC-4 1
DC-7 1
DC-12 1
DC-13 2
DC-14 2

DC-15 1
DC-16 2
DC-17 1
DC-21 15
DC-22 ]
DC-24 3
DC-25 4
DC-26 8
DC-27 2
DC-28 6
DC-29 2

commandsequences (Note: repetitive transmissions
are not shown)

to establish or reestablish Canopus lock
aborted midcoursemaneuver

midcoursemaneuver

changeoverto traveling wavetube
amplifier

Canopusgate override event
cover drop event

encounter

return to cruise mode after picture

playback
aborted black space picture sequence

maneuver inhibit sequence
final (optional) cone angle update

DC-21

QC-1, DC-29,DC-14,
DC-27, DC-13,
DC-21

QC-1, DC-29,DC-14,

DC-27,DC-21

DC-7
DC-15

DC-3, DC-2,DC-26,
DC-2, DC-28,
DC-25, DC-24,
DC-28, DC-3,
DC-2, DC-26,
DC-2

DC-25, DC-24,DC-3,

DC-16, DC-26,
DC-2

DC-28, DC-26, DC-2
DC-25, DC-28,

DC-26, DC-2
DC-]3, QC-1
DC-]7



COMMANDS(Cont'd)

command sequences(cont'd)
black space picture sequenceand playback

end of mission
Mariner III commands

numberof DC commandssent
number of QC commandssent

COMMUNICATION(see also Radio,Telemetry)

world record for communicationdistance set at
end of mission

66-million mile communicationrecord exceeded

COMMUNICATIONTIMES, ONEWAY

midcourse maneuver

changeoverto traveling wavetube amplifier
DC-15 Canopusgate override event

MT-6 changeoverto 8-1/3 bps
cover drop event
MT-1 Canopuscone angle update

MT-5 changeoverto high-gain antenna
MT-2 Canopuscone angle update
MT-3 Canopusconeangle update
MT-4 Canopuscone angle update
closestapproach
maneuverinhibit sequence

black space picture sequence
end of mission

COMPUTER(see Central Computerand Sequencer)

CONEANGLE(see Figs.4 and 8)

Canopusconeangle during flight (see Canopus-
Probe-SunAngle)

Canopuscone angle through 1971 (see Fig. 47)
Earth cone angle through 1971 (see Fig.42)
update events (see MT-1, MT-2, MT-3, MT-4,

majorheadings)

update mechanics(see CanopusTracker)

CONJUNCTION(see Orbit Data)

CONTRACTORS(see Table 24)

DC-25, DC-3,DC-24,
DC-16, DC-2,
DC-26,DC-22,

DC-4,DC-28,
DC-26,DC-2

DC-12

11
2

307,342,393 km
191,014,539 mi
29 Apr 1965

3.35 sec
13.8 sec

17.7 sec
33.2 sec

1 min, 29 sec
2 min, 7 sec
2 min, 25 sec
4 min, 0 sec
6 min, 31 sec

9 min, 34 sec
12 min, 1.5 sec

15 rain, 40 sec
15 rain, 56 sec
17 min, 6 sec

11



COSMICDUSTDETECTOR
detectionlevels,numberof
distancebeyondEarth'sorbitatpeakactivity

electricalcomponents,numberof(seeTable9)
equivalentsensitivity

detectionof particles with masses
at velocities of

look angles
cone direction
clock direction

microphonethreshold

particle momentum,minimummeasurable
plate dimensions
power required
reference designationof instrument
scientific results (see Scientific Data)

sensors,numberof

spacecraft celestial longitudeat period of peak
activity

thicknessof plate
time of peak activity during flight

total numberof hits recorded (to end of
mission)

weight (see Table 10)

COSMICRAYTELESCOPE

countingrate
detector D,

double coincidencerate

triple coincidencerate

electrical components,number of (see Table 9)

electron penetration

8

approx.58
million km

approx.36
million mi

721

>10,3 gm
>2 km/sec

90 and 270 deg
90 and 270 deg
6 ± 0.7

× 10-_ dynesec
1.96 x 10 3dyne sec
22 x 22 cm
0.23 w
24A1

190 den
0.030 in.

40 days before
encounter

approx.235
2.10 Ib

approx. 3

counts/sec
approx. 1.8

counts/min
approx.2.5

counts/min
1196

>40 key

Mariner IV is tested i_ the Jet Propulsion
Laboratory space sim_Hator before bci_lg

committed to launch.





COSMIC RAYTELESCOPE(Cont'd)

field of view, detectors D1and D_.

geometrical factor, detector D,

lookangle, cone direction
maximumoperatingtemperature of detectors
measurementranges

protons and alpha particles

alpha particles
noise level
number of detectors

power required
reference designationof instrument
scientific results (see Scientific Data)
surface area of detectors D, and D_
surface area of detector D_

weight (see Table 10)
window thickness,all detectors

COSTINFORMATION

20 deg half-angle
core

4 cm_ sterad

180 deg
50oC

I to 170

Mev/nucleon
>180 Mev/nucleon
30 key
3

0.598 w
21A1

2.4 cm2

5 cm=
2.58 Ib

500 #

(NOTE:JPL costs include current plansfor FY 66 and FY 67. Data do
not include possible1967 reacquisition.Launchvehicle and
DSN supportestimates are provided by NASA. Information
included here is not absolutelyprecise, due to varying cost
collection methods.)

spacecraft, operational supportequipment,

operations, data reduction,analyses,and
reports (including$83.8 million to JPL and
$0.6 million to GSFCand other Centers for

scientific experimentsand analyses). $84.4 million
launch vehicles (Lewis ResearchCenter) $25.1 million

Note: The cost of GSFClaunch operations,
non-JPLAFETRoperations, and
applicable non-procurementexpenses
at other Centersare not known.

OSNsupport, tracking, and operations(Office
of Trackingand Data Acquisitionestimate) $15.5 million

total missioncost $125.0 million

cost per mile to end of mission; $125 million/
418,749,386 mi <30¢

cost per data bit; $125 million/325.5 million
bits (assuming7 bits/measurement) <39¢

cost per measurement;$125 million/46.5
million measurements <$2.69

14



COVERDROP

date

day of flight
time

communicationtime (one way)
Earth-probe-Sun angle

Canopus-probe-Sunangle
spacecraft celestial longitude
spacecraft celestial lattitude

Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distancefrom Sun

spacecraft distance from Mars

distance traveled along heliocentricarc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars

spacecraft velocity relative to Sun
number of commandssent

commandsequence(see Commands)
total time for exercise

CRUISEMODE

mode designation

engineeringmeasurements,numberper data
frame

scientific measurements,numberper data frame

interruptions of cruise mode
midcourse maneuver, 5 December 1964

cover drop, 11 February 1965

encounter, 14-15 July 1965

picture playback, 15 July to 3 August 1965

pictures of black space,30 August to
2 September 1965

total cruise mode interruptiontime (to
end of mission)

total time in cruise mode(to end of mission)

time between data samples(see Table 20)

11 Feb 1965
75
03:29:29 to

10:49:35
1 min 29 sec

13.2 deg
101.4 deg

140.0 deg
0.12 deg

142.4 deg
157.3 deg
26,608,046 km

16,534,239 mi
173,451,360 km
107,782,670 mi
98,233,187 km
61,039,272 mi
203,333,481 km
126,372,580 mi

16,146.5 mph
32,593.7 mph
64,646.3 mph
12

7 hr, 20 min, 6 sec

Data Mode 2

140

280

1 hr, 41 min

7 hr, 20 min

2 hr, 21 min

15 hr, 54 min

9 hr, 19 min

36 hr, 35 rain

7,338 hr

15



CYCLICS
first event seen in data (29 November 1964) 16:59:10

frequency of cyclic events every 66-2/3 hr
last event seen in data (1 October 1965) 06:39:58
total numberof cyclic events 111

DATA(see Telemetry)

DATAAUTOMATIONSUBSYSTEM

electrical components,number of (includes 382
componentsin analog�pulse width
converters;see Table 9) 13,727

location on spacecraft Bay III
power required

average cruise 6.5 w
average encounter 5.6 w
peak encounter 8.0 w

reference designations of subassemblies
(see Table 8)

telemetry format (see Figs, 16 through 19)

weight (see Table 10) 11,78 Ib

DATAENCODERSUBSYSTEM

bits, numberof in binary word outputs 7

commutatorchannels,numberof 100
electrical components,numberof (see Table 9) 7413
location on spacecraft Bay IV
powerrequired 5.2 w
reference designations of subassemblies

(see Table 8)

telemetry commutation(see Fig, 22)
telemetry format (see Telemetry)
time between samples(see Table 20)

weight (see Table 10) 22,43 Ib

DATAMODES(see Telemetry)

DATES(see also EventTimes,Time Spans)

first considerationof a Mariner Mars mission

official go-ahead received from NASA
NASAquarterly review of project
NASAquarterly review of project
blanket freeze on entire spacecraft design
NASAquarterly review of project

first use of project P-List

14 May 1962
5 Nov 1962

14 Aug 1963
14 Nov 1963
6 Jan 1964
25 Feb 1964

6 May 1964

16



DATES(see also EventTimes, Time Spans)(Cont'd)

NASAquarterly review of project

occultation experiment approved
NASAHeadquartersreview

Mariner III shipped to AFETR
NASAHeadquartersreview
Mariner IV shipped to AFETR
President Johnson'svisit to AFETR
NASAlaunch readinessreview
Mariner III launch

begin all-metal shroudeffort
first all-metal shroudflown to AFL:'I'R

Mariner IV mated to Agena D
Mariner IV launch

first Canopus acquisition
first midcoursemaneuverattempt
midcoursemaneuver

solar plasmaprobe failure

changeoverto traveling wavetube amplifier
DC-15Canopusgate override event
MT-6 changeoverto 8-1/3 bps
Sun-spacecraft opposition(to within 1 deg)
cover drop event
NASAquarterly review of project
MT-1 Canopuscone angle update
MT-5 changeoverto high-gainantenna
ionization chamberfailure
MT-2 Canopusconeangle update
66-million mile communicationrecord exceeded

position in space farther from Sun than any
other live spacecraft reached
(]32.7 million miles)

MT-3 Canopuscone angle update
NASAquarterly review of project

MT-4 Canopuscone angle update
encounterwith Mars

picture playbackstart

end of first picture playbacksequence

secondpicture playbacksequencestart

White Housepress conference and awards

NASAquarterly reveiw of project

end of secondpicture playbacksequence

aborted black space picture sequence
maneuver inhibit sequence

aphelion of heliocentric orbit

18 May 1964
15 Jun 1964
23 Jul 1964

23 Aug 1964
25 Aug 1964

10 Sept 1964
15 Sept 1964
7 Oct 1964
5 Nov 1964
11 Nov 1964
22 Nov 1964
24 Nov 1964
28 Nov 1964
30 Nov 1964

4 Dec 1964
5 Dec 1964
6 Dec 1964
13 Dec 1964
17 Dec 1964
3 Jan 1965
28 Jan 1965
11 Feb 1965
23 Feb 1965

27 Feb 1965
5 Mar 1965
17 Mar 1965

2 Apr 1965
29 Apr 1965

4 May 1965
7 May 1965
25 May 1965
14 June 1965

15 Jul 1965
15 Jul 1965

24 Jul 1965

24 Jul 1965

29 Jul 1965

2 Aug 1965

3 Aug 1965

21 Aug 1965
26 Aug 1965

26 Aug 1965

17



DATES(see also EventTimes, Time Spans)(Cont'd)

option 2 Canopusconeangle update (DC-17)
black space picture sequence

return to DataMode2 after black spacepictures
end of mission (DC-12)

NASAquarterly review of project

maximum Earth-spacecraft range
Sun-spacecraft conjunction
perihelion of heliocentric orbit

first completed trip around Sun
aphelion of heliocentric orbit
Sun-spacecraft opposition
closest approach to Earth
perihelion of heliocentric orbit

DC-15CANOPUSGATEOVERRIDEEVENT

date

day of flight
time

communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sunangle

spacecraft celestial longitude
spacecraft celestial lattitude

Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distancefrom Sun

spacecraft distance from Mars

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars

spacecraft velocity relative to Sun

DEIMOS(see Mars)

DETECTORS(see CanopusTracker, Earth Detector)

DIMENSIONS

spacecraft height, overall
spacecraft span with solar panels extended
width of octagon(at points)

27 Aug 1965
31 Aug 1965
2 Sept 1965
1 Oct 1965
28 Oct 1965
3 Jan 1966

1Apr 1966
5 Jun 1966
6 Jun 1966
22 Mar 1967

15 Aug 1967

8 Sept 1967
25 Dec 1967

17 Dec 1964
19
17:30:00
J7.7 sec

51.8 deg
]03.5 deg
87.6 deg
4.21 deg
85.9 deg
132.9 deg
5,300,071 km
3,293,464 mi
150,353,950 km

93,429,944 mi
177,567,240 km
110,335,170 mi
56,295,412 km
34,987,826 mi
6,957.5 mph

54,338.0 mph
73,181.5 mph

9.5 ft
22.5 ft
54.5 in.
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DIPOLEMOMENTOF EARTH

DIPOLEMOMENTOF MARS(see Scientific Data)

8.06 x 10_

gauss/cm 3

DISTANCEOFMARINERIV FROMEARTH

weekly intervals during flight (see Table 3)
midcoursemaneuver

changeover*o traveling wave tube amplifier

DC-]5 Cano_usgate override event

MT-6 changeoverto 8-]/3 bps

cover drop event

MT-1 Canopusconeangle update

MT-5 changeoverto high-gain antenna

MT-2 Canopusconeangle update

MT-3 Canopuscone angle update

MT-4 Canopuscone angle update

closestapproach

black space picture sequence

end of mission

from end of missionthrough 1966 (see Table 4)
from end of missionthrough1971 (see Fig. 41)

at ]967 closestapproach,8 September1967

2,022,244 km
1,256,622 mi
4,158,654 km
2,584,188 mi
5,300,071 km
3,293,464 mi
9,914,631 km
6,160,952 mi

26,608,046 km
16,534,239 mi
38,281,029 km
23,787,831 ml
43,383,627 km
26,958,585 ml

73,300,692 km
45,549,050 mt
117,544,150 km
73,041,934 rn0
172,429,480 km
107,146,670 ml
216,303,650 km
134,401,000 mJ
274,250,430 krn
170,419,217 m,

307,415,414 km
191,059,922 ml

46,946,445 km
29,172,521 mi

DISTANCEOF MARINERIV FROMCENTEROF MARS(see also Altitude)

launch 208,700,0D0 km

130,000,000 mi
midcourse maneuver 197,286,320 km

122,588,040 mi
changeover to traveling wave tube amplifier 184,427,040 km

114,597,650 mi
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DISTANCEOF MARINERIV FROMCENTEROF MARS(Cont'd)

DC-]5 Canopusgate override event 177,567,240 km

MT-6 changeoverto 8-]/3 bps

cover drop event

MT-] Canopuscone angle update

MT-5 changeoverto high.gainantenna

MT-2 Canopuscone angle update

MT-3 Canopusconeangle update

MT-4 Canopuscone angle update

closestapproach

black space picture sequence

end of mission

from end of missionthrough 1971 (see Fig. 45)

110,335,170 mi
15],243,8]0 km

93,978,547 mt
98,233,] 87 km
61,039,272 ml
80,185,156 km

49,824,746 ml
74,165,511 km

46,084,312 ml
50,357,019 km
31,290,400 ml
28,830,578 km
17,914,490 ml
11,808,201 km

7,337,276 ml
13,200.6 km
8,202.4 mi

17,846,073 km
11,089,036 mi

31,148,769 krn
19,359,086 mi

DISTANCEOF MARINERIV FROMSUN

weekly intervals during flight (see Table 3)

launch

midcourse maneuver

changeoverto traveling wave tube amplifier

DC-]5 Canopusgate override event

MT-6 changeoverto 8-1/3 bps

cover drop event

MT-1 Canopuscone angle update

MT-5 changeoverto high-gainantenna

]49,599,660 km

92,96],228 mi

148,215,700 km
92,101,235 mi

]49,486,790 km
92,891,091 mi

150,353,950 km

93,429,944 mi

155,536,560 km
96,650,418 mi

173,451,360 km
107,782,670 mi

182,045,500 km
113,123,074 mi

185,27.9,220 km
115,101,437 mi
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DISTANCEOFMARINERIVFROMSUN(Cont'd)
MT-2Canopusconeangleupdate

MT-3Canopusconeangle update

MT-4 Canopuscone angle update

closestapproach

black space picture sequence

end of mission

from end of missionthrough 1966 (see Table 4)
from end of missionthrough 1971 (see Fig. 44)

]99,543,810
123,996,524
214,853,380
133,509,890
226,861,550

140,971,760
232,500,420
144,475,760
235,311,890
146,222,808
233,262,008
144,973,280

DISTANCETRAVELEDALONGHELIOCENTRICARCBY MARINERIV

(see also Fig. 35)
midcoursemaneuver

changeoverto traveling wave tube amplifier

DC-15Canopusgate override event

MT-6 changeoverto 8-1/3 bps

cover drop event

MT-1 Canopuscone angle update

MT-5 changeoverto high-gainantenna

MT-2 Canopusconeangle update

MT-3 Canopuscone angle update

MT-4 Canopuscone angle update

closestapproach

black space picture sequence

end of mission

km

ml

km

ml
km
ms
km

ml

in one complete revolution aroundSun

from end of missionthrough 1966 (see Table 4)

km

m!

km

ml

24,875,140 km
15,460,000 mf
a4,971,252 km
27,949,815 ml

56,295,412 km
34,987,826 mJ

103,651,827 km
64,420,029 mi
203,333,481 km
126,372,580 ml
244,773,888 km
152,127,960 ml
256,593,103 km

159,473,650 ml
319,883,118 km
198,808,650 mi
392,994,369 km
244,247,588 ml
468,615,715 km
291,246,560 mi

524,373,100 km
325,900,000 ml
614,017,547 km
381,614,386 ml
673,767,762 km
418,749,386 ml
1,241,738,400 km
771,745,432 mi
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DOCUMENTS(see Table 25)

EARTHCLOCKANGLETHROUGH1971 (see Fig.43)

EARTHDETECTOR

field of view
cone direction
clock direction

look angle, conedirection
reference designation of instrument

sensitivitythreshold

EARTHDIPOLEMOMENT

83 deg
26 deg
0 deg
7ED6
0.001 ft-c

8.06 x 10=_

gauss/cm:'

EARTH-PROBE-SUNANGLE

midcourse maneuver 65.8 deg

changeover to traveling wave tube amplifier 56.8 deg
DC-15 Canopus gate override event 51.8 deg
MT-6 changeover to 8-1/3 bps 30.8 deg
cover drop event 13.2 deg
MT-1 Canopus cone angle update 24.9 deg
MT-5 changeover to high-gain antenna 28.2 deg
MT-2 Canopus cone angle update 38.2 deg

MT-3 Canopus cone angle update 42.6 deg
MT-4 Canopus cone angle update 42.0 deg
closest approach 39.4 deg
black space picture sequence 33.4 deg
end of mission 28.3 deg
from end of mission through 1971 (see Fig. 42)

ECLIPTIC

celestial lattitude of spacecraft through 1971
(see Fig. 40)

inclination of spacecraft heliocentric orbit to

ecliptic, pre-encounter
inclination of spacecraft heliocentric orbit to

ecliptic, post-encounter (see Fig. 40)

0.12 deg

2.540 deg

ELECTRONS(see Scientific Data, TrappedRadiation
Detector CosmicRayTelescope)

ENCOUNTER(see also ClosestApproach)

date

day of flight
start of encounter sequence(DC-25)

14-15 Jul ]965

228
]4:27:55
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ENCOUNTER(Cont'd)

commands

number sent

sequence of (see major heading, Commands)
orbit parameters (see Closest Approact_)
sequence of events (see Event Times)
total time for event (first command to exit

occultation)

END OF MISSION

date

day of flight
time of DC-12command transmission
effect of 0C-12 commandobserved on Earth

communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude
Mars celestial longitude

spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
number of commands sent

duration of flight

11

12 hr, 57 min, 11 sec

1 Oct 1965
307
21:30:17
22:05:07

]7 min, 6 sec

28.3 deg
75.3 deg
263.4 deg
1.5 deg
7.6 deg
269.6 deg
307,415,414 km
191,059,922 mi
233,262,008 km

144,973,280 mi
31,148,769 km
19,359,086 mi
673,767,762 km
418,749,386 mi
90,499 mph
10,748 mph

48,810 mph
1 (DC-12)

7,375 hr, 25 min,
22 sec

ENGINEERINGCHANGEREQUESTS

mechanicalsubsystems
attitude control

central computer and sequencer
command
cosmicdust detector

cosmic ray telescope
data automation subsystem
data encoder

127
32
19

10
13
32
38
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ENGINEERINGCHANGEREQUESTS(Cont'd)

mechanicalsubsystems(cont'd)

helium magnetometer 17
ionization chamber 13

operational support equipment 207
planetary scan subsystem 29
power 79

post.injection propulsion 14
pyrotechnics 27
radio 69

solar plasma probe 45
tape recorder 51
television 37
thermal control 30

trapped radiation detector 9
wiring and cabling 105

system level 155
total 1159

ENVIRONMENTALTESTS(see also Tables 12 through17)

design changesresulting from subsystem
flight-acceptancetests, number of 12

designchangesresulting from subsystem
type-approvaltests, number of 36

environmentaltest waivers granted 69

part failures resulting from subsystem
flight-acceptancetests, number of 19

part failures resulting from subsystem
type-approvaltests, number of 16

ESCAPEVELOCITY

Earth
Mariner IV

Mars

25,005 mph
25,598 mph
li,250 mph

EVENTTIMES, GMT(see also Time Spans)

Launchof Mariner III, 5 November1964
liftoff

violent spacecraft shockobserved
Arias booster engine cutoff
Atlas booster separation
Atlas sustainer engine cutoff
Atlas vernier engine cutoff

Shroudejection (unsuccessful)

19:22:04
]9:23:48

19:24:18
19:24:21
19:27:07

19:27:25
19:27:27

24



EVENTTIMES,GMT(Cont'd)
Launch of Mariner III, 5 November1964

Atlas/Agena separation
Agena first burn ignition
Agena first burn cutoff

Agena secondburn ignition
Agena second burn cutoff

Agena/spacecraft separation
DC-15 transmitted
Gyros off
DC-25 transmitted
DC-26 transmitted
science instrumentsoff

QCI-1 transmitted
QCI-1 transmitted

QCI-1 transmitted,
QC1-2transmitted
QC1-3 transmitted
DC-27transmitted
DC-29 transmitted

6 November1964

DC-13 transmitted
DC-1transmitted
DC-28 transmitted
QCI-1 transmitted
QC1-2transmitted
QC1-3 transmitted
DC-27transmitted

DC-14transmitted
DC-19transmitted

last telemetry received
Launch of Mariner IV, 28 November1964

liftoff

Atlas booster engine cutoff

Atlas booster separation
Atlas sustainer engine cutoff
Atlas vernier engine cutoff
shroud ejection
Atlas/Agena separation
Agena first burn ignition
Agena first burn cutoff

Agena second burn ignition
Agena second burn cutoff (injection)
Agena/spacecraft separation
solar panels deployed

Sun acquisition start
Sun acquisition complete

19:27:29
19:28:19
19:30:46
19:54:05
19:55:01

19:58:23
23:06:02
23:12:09
23:21:23
23:29:05

23:32:00
23:51:58
23:57:58
00:00:00

00:01:30

00:03:00
00:05:00
00:08:00
00:14:00
00:38:41
02:37:25

03:28:03
03:30:25
03:32:35
03:25:27
03:45:00
03:45:55
04:05:55

14:22:01
14:24:15

14:24:17

14:27:00

14:27:18

14:27:21

14:27:23

14:28:14

14:30:39

15:02:53

15:04:28

15:07:10

15:15:00

15:19:02

15:30:57
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EVENTTIMES, GMT (Cont'd)

first Canopus acquisition, 30 November1964
first

11:02:47

midcourse maneuver attempt, 4 December1964
QCI-1 transmitted 13:05:00
QC]-2 transmitted 13:10:00

QC1-3 transmitted 13:15:00
DC-29transmitted 13:45:00

DC-14 transmitted 14:05:00
DC-27transmitted 14:35:00

DC-13(stop maneuver) transmitted 14:47:31
first DC-21transmitted 15:22:00
last DC-2] transmitted 23:58:00

Canopus acquired,5 December1964 00:02:44
secondmideourse maneuverattempt, 5 December 1964

QCJ-1 transmitted t3:05:00
QC1-2transmitted 13:10:00
QC1-3transmitted 13:15:00
DC-29transmitted 13:45:00
DC-14 transmitted 14:05:00
DC-27transmitted 14:25:00
end of motor burn 16:09:30

Sun acquisition started 16:]5:11

Sun acquisition completed 16:21:07
Gamma Velorum acquired 16:47:56
DC-21transmitted 16:52:00

Canopus acquired 16:58:19
changeover to traveling wave tube amplifier,

13 December 1964

DC-7 transmitted ]4:09:00

traveling wave tube amplifier operation
observed 14:10:38

DC-15Canopus gate override event,
17 December 1964 ]7:30:00

MT-6 changeoverto 8-1/3 bps,
3 January1965 (Earth time) t6:59:54

cover drop event, 11 February 1965
DC-3transmitted 03:29:29
DC-2 transmitted 03:36:13
DC-26 transmitted 03:53:15
DC-2transmitted 04:]5:51

Mari_er IV is launched from Cape Ken_edy on
Now'tuber 28,196$ at 1_ :22:01 GMT. The launch

vehicle is an Atlas D/Agena D combinations.





EVENTTIMES, GMT(Cont'd)

cover drop event, 11 July 1965
DC-28transmitted 04:32:39
DC-25 transmitted 06:54:43
D0-24 transmitted 08:59:23

00-28 transmitted 09:13:51
DC-3 transmitted 09:30:56
DC-2transmitted 10:21:20
DC-26transmitted 10:27:08

DC-2 transmitted ]0:49:35

*MT-1 Canopus cone angle update,
27 February 1965 (see MT-1, MT-2, MT-3,
MT-4 major headings) ]7:02:19

*MT-5 changeoverto high-gainantenna,
5 March 1965 13:02:37

*MT-2 Canopus cone angle update, 2 April 1965
(see MT-1, MT-2, MT-3, MT-4 major
headings) ]4:25:15

*MT-3 Canopus cone angle update, 7 May 1965

(see MT-], MT-2, MT-3, MT-4 major
headings) 14:28:]5

*MT-4 Canopus cone angle update, 14 June1965
(see MT-I, MT-2, MT-3, MT-4 major
headings) ]5:51:45

encounter, 14 July 1965
Station 51 commandlock 13:34:00
DC-25transmitted 14:27:55

DC-25 receivedat spacecraft 14:40:32.8

DC-25observedin data 14:52:31

MT-7 (spacecrafttime) 15:41:48.9

MT-7 verified 15:53:49

DC-24 transmitted 17:10:18

DC-24 received at spacecraft 17:22:55

DC-24verified in data 17:34:55

Goldstone (11) acquisition, one-way 19:37:23

two-way RF transfer from Station 51 to
Station 11 20:10

DSlF 51 end of track 20:53:01

DSlF 11 command modulation turn on 21:00:30

DC-3transmitted 22:10:29

DC-3 received at spacecraft 22:23:07

*Shows time that event was seen on Earth
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EVENTTIMES,GMT (Cont'd)
encounter, 14 July 1965

DC-3verified in data

wide angle acquisition (spacecrafttime)
wide angle acquisition seen in data
DC-16transmitted, 15 July 1965
narrow angle acquisition, spacecraft time
DSIF 12 switched to rubidiumstandard

No.2

DC-16 received at spacecraft

narrowangle acquisition seen in data
first DASstart tape commandseen in

data

first end-of-tapesignal at spacecraft
DC-26transmitted

DC-2number 1 transmitted

false end-of-tapesignalseen on Earth
DC-16verified in data
DC-2 number2 transmitted

false end-of-tapesignalseen on Earth
DC-2number 3 transmitted

first end-of-tapesignalseen on Earth

tape recorder stopped,spacecraft time

22:35:08

23:42:00.3
23:54:42
00:11:57
00:17:21.1

00:22:15

00:24:36
00:29:22.5

00:30:31
00:30:54.3

00:31:42
00:32:40
00:34:31.7
00:36:37
00:37:00

00:40:24.5
00:42:00
00:42:55.7
00:43:45.]

data encoderswitched to Mode2, spacecraft
time

DC-26received at spacecraft
DC-2 number4 transmitted
DC-2number 5 transmitted

Mode 2 data seen on Earth
DC-26verified in data
DC-2 number6 transmitted

time of closest approach
DSIF 42 rise
DSIF 11 commandmodulationturn-off

enter occultation, spacecraft time

end of signal on ground
exit occultation,spacecraft time
exit occultation verified in data

pickup signalat Station 41
pickup signal at Station 42
MT-8, spacecraft time
MT-8 observedon Earth

MT-9, spacecraft time
MT-9 observedon ground
Mode 4, spacecraft time

first picture signal received

00:43:45.1
00:44:21.5

00:47:00
00:52:00
00:55:46.6
00:56:23.0
00:57:00

01:00:57

01:44:00

01:55:30
02:19:11

02:31:12
03:13:04
03:25:06
03':25:29
03:25:47
05:01:49
05:13:52

11:41:49.8
11:53:53.3
12:49:54
]3:01:58
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EVENTTIMES,GMT(Cont'd)
picture playback sequence (seeTable 6)
return to cruise mode, 3 August1965

DC-28 transmitted 03:08:33

DC-26 03:14:33
DC-2 03:20:33

DC-28received at spacecraft 03:22:37
DC-26received at spacecraft 03:28:37
DC-2received at spacecraft 03:34:37
DC-28seen in data 03:36:02
DC-26seen in data 03:42:02

DC-2seen in data 03:48:02
maneuver inhibit sequence,26 August1965

DC-13transmitted 21:06:52

QCI-1 transmitted 21:15:16

D0-13 received at spacecraft 21:22:32
QC1-2transmitted 21:23:40

QCI-1 received at spacecraft 21:30:56
QC1-3transmitted 21:32:04
DC-13verified in data 21:37:42

QC1-2 received at spacecraft 21:39:20
QCI-1 verified in data 21:46:06
QCI-3 received at spacecraft 21:47:44
QC1-2 verified in data 21:54:32
QC1-3verified in data 22:02:54

option ] Canopus cone angle update,
27 August1965

0C-17 transmitted 19:40:00

DC-17 receivedat spacecraft 19:55:30
DC-17verified in data 20:11:01

Canopuscone angle update verified 20:28:30

black space picture sequence,30 August1965
0C-25 transmitted 20:30:00

DC-25 received at spacecraft 20:45:56
DC-25 verified in data 21:01:33
DC-3 transmitted 21:10:24

DC-3 received at spacecraft 21:26:20
DC-3verified in data 21:41:53
DC-24 transmitted 22:48:38

DC-24 received at spacecraft 23:04:29
DC-24verified in data 23:21:00
DC-16transmitted 23:35:26

DC-16 receivedat spacecraft 23:51:22
DC-2transmitted, 31 August1965 00:05:00
DC-16 verified in data 00:06:52

DC-2 received at spacecraft 00:20:15



EVENTTIMES,GMT(Cont'd)
blackspacepicturesequence,30August1965

Mode2 data observedon Earth 00:33:05
DC-2 verified in data 00:36:50

DC-26transmitted 00:44:00
DC.22 transmitted 00:49:00

DC-26 received at spacecraft 00:59:56
DC-22 received at spacecraft 01:04:56
DC-26verified in data 01:15:14
DC-22 verified in data 01:19:33
DC.4 transmitted 01:25:00

DC-4 receivedat spacecraft 01:40:57
Mode 1 data observed on Earth 01:56:16

start of picture number I 02:00:46
return to cruise mode after black space

pictures, 2 September 1965
DC-28transmitted 06:17:00
DC-26transmitted 06:23:00

DC-2transmitted 06:29:00

DC-28received at spacecraft 06:33:05
DC-26 received at spacecraft 06:39:05
DC-2 received at spacecraft 06:45:05
DC-28verified in data 06:48:32
DC-26 verified in data 06:54:32
Mode 2 data observedon Earth 07:00:32

end of mission, 1 October 1965
DC-12 transmitted 21:30:17

loss of signal 22:05:07

EXCITERS(see Radio)

EXPERIMENTERS(see Table 7)

FIELDAND PARTICLES

experiments,numberof
experimental results (see Scientific Data)
principal investigators (see Table 7)

FIELDSOF VIEW

Canopus tracker
conedirection
clock direction

cosmic ray telescope

11 deg
4 deg
20 deg half-angle

cone

31



FIELDOFVIEW(Cent'd)
Earthdetector

conedirection 83 deg
clock direction 26 deg

narrow-angle Marsgate 2.5 x 1.5 deg

planetary scan wide-anglesensor 48.5 deg cone
Sungate 2.2 deg half-angle

cone

high-gainantepna (see major heading
High-GainAntenna)

solar plasmaprobe 30 dog half.angle
cone

television camera 1.05 × 1.05 deg

trapped radiation detectors 30 deg half-angle
cone

FREQUENCY(see Radio)

FUEL(see Propulsion)

GAS(see Attitude Control)

GRAVITATIONALCONSTANT(see Orbit Data)

GREENWICHMEANTIMES OF MISSION EVENTS(see EventTimes)

GYROCONTROLSUBSYSTEM

gyros, number of 3
input angle storage capability 6 deg
operating temperature range 85 to 130°F
power required 18 w
reference designationof subsystem 7A2
weight (see Table 10) 10.87 Ib

HELIUM MAGNETOMETER

dynamicrange ±360 y
electrical components,number of (see Table 9) 802
intervals between consecutivesimultaneous-

triaxial observationsin one 50.4-sec data

frame, at 8-1/3 bps

noisethreshold

power required
reference designationsof subassemblies

(see Table 8)
resolution of telemetered magneticdata
scientific results (see Scientific Data)

6.0 sec, 3.6 sec,
9.6 sec, and
31.2 sec

0.1 7 rms/axis
7.30 w

0.35 7 per axis
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HELIUMMAGNETOMETER(Cent'd)
sensitivitythreshold _ 0.25
sensors, numberof 3
weight (see Table 10) 6.77 Ib

HIGH-GAINANTENNA

angle of antenna to Canopustracker optical

axis (measuredin XYplane)
back radiation

beam patterns (see Fig. 7)
beamwidthat -3 db, major axis of pattern 15 to 16 deg

beamwidthat -3 rib, minor axis of pattern 12 to 13 deg
beamwidthat first null, major axis of pattern 36 deg
beamwidth at first null, minor axis of pattern 20 deg
depth of parabola 8 in.
distance of feed from parabolic vertex 16 in.
ellipse major axis length 46 in.

ellipse minoraxis length 21.2 in.
ellipticity on axis, 2116 Mc 6.5 db

ellipticity on axis, 2298 Mc 0.6 db
fundamental resonant frequency 120 cps
look angle of boresight

cone direction 38 deg
clock direction 259 deg

orientation with respect to Earth (see Fig. 6)
peak gain at 2116 Mc
peak gain at 2298 Mc
polarization
reference designationof subsystem
reflector material

variation from true parabolic surface

VSWR,2116 Mc
VSWR,2298 Mc

weight of antenna and support truss
weight of parabolicreflector

259 deg
-20 to 125 db

21.8 db
23.3 db

right-hand circular
2E1

aluminumboney-
comb

0.040 in. = 0.007

wavelength
1.22 to 1
1.14 to 1

4.44 Ib
2.05

INJECTION(see EventTimes)

INSTRUMENTS,FIELDANDPARTICLES(see CosmicDust Detector,

CosmicRay Telescope,Helium Magnetometer, Ionization
Chamber,Solar Plasma Probe, TrappedRadiation
Detector; see also Scientific Data from Mariner IV, Telemetry)
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INTERFEROMETEREFFECT(seeFig.27)

INVESTIGATORS(seeTable7)

IONIZATIONCHAMBER
diameterofshell 5in.
electricalcomponents,numberof(seeTable9) 361
Geiger-Muellertubefailure date 6 Feb 1965
measurement ranges

electrons >0.5 Mev

protons > 10 Mev
,_ particles >40 Mev

potential between fiber and collector 310 v

power required 0.460 w
pressure of argon inside shell 4 atm
reference designationof instrument 26A1
scientific results (see Scientific Data)

sensors, number of 2
temperature variation during flight (see Fig. 31)
thickness of steel shell 0.010 in.

weight (see Table 10) 2.90 Ib

LATITUDE(see Celestial Latitude)

LAUNCHDATAFORMARINERIII (see also EventTimes)

AgenaD serial number 6931
Atlas D serial number 2890
date of launch 5 Nov 1964

launch azimuth 102.9 deg
launch complex 13
parking orbit coast time 23 rain, 18 sec

LAUNCHDATAFOR MARINERIV (see also EventTimes)

AgenaD serial number
AtlasD serial number

C:,vs launchwindow (see Fig. 24)
launchazimuth

launchcomplex
launch date
parkingorbit coast time

spacecraft-Agena separationvelocity
spacecraft velocity at injection, nominal
time from liftoff to injection
time from liftoff to spacecraft separation
time of injection, 28 November1964

6932

288D

91.4 deg
12
28 Nov 1964

32 min, 14 sec
approx.2 ft/sec

25,598 mph
42 min, 27 sec
45 min, 9 sec
15:04:28
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LIFETESTS
totallifetesthours

attitudecontrolelectronics
attitude controlgyros and gyro electronics
battery (5 units in test)

Canopussensor (2 units in test)

central computer and sequencer
(2 units in test)

commandsubsystem
cosmicdust detector

data automationsystem (2 units in test)

data encoder
Earth detector

helium magnetometer
ionization chamber

jet vane actuators
narrow-angle Mars gate
planetary scan subsystem
power subsystem

pyrotechnic control assembly
radio subsystem
scan actuator, dampers,science cover

latch actuator

solar plasmaprobe

solar pressurecontrol assembly
sun sensors

television subsystem
trapped radiation detector

9,346 hr
9,816 hr
6,540 hr
2,112 hr
6,192 hr

5,496 hr
4,800 hr
4,736 hr
5,062 hr

10,395 hr
2,360 hr

9,285 hr
3,502 hr
3,780 hr
2,790 hr

8,982 hr
9,268 hr
6,752 hr
7,009 hr
6,820 hr
8,210 hr

4,418 hr
8,638 hr
7,892 hr

4216 hr

4,320 hr

3,976 hr
4,950 hr
7,765 hr
2,722 hr
7,009 hr

LONGITUDE(see Celestial Longitude)

LOOKANGLES(see also Fig. 5)

Canopustracker
clock direction
cone direction

cosmicdust detector
cone direction
clock direction

0 deg
75 to 105 deg

90 and 270 deg
90 and 270 deg
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LOOKANGLES(Cont'd)
cosmicraytelescope, cone direction
Earth detector, cone direction

high-gainantenna
cone direction
clock direction

narrow-angleMars gate
cone direction
clock direction

plasmaprobe
cone direction
clock direction

Sun gate, conedirection
Sun sensors,cone direction

trapped radiation detector
clock direction, all detectors
cone direction, detector A
cone direction, detectors A, B, and C

television camera
cone direction
clock direction

wide angle acquisition sensor
conedirection
clock direction

LOUVERS(see TemperatureControl)

LOW-GAINANTENNA

ellipticity on axis, 2116 Mc
ellipticity on axis, 2298 Mc

groundplane diameter
peak gain at 2116 Mc
peak gain at 2298 Mc
polarization

reference designationof subsystem

VSWR,2116 Mc
VSWR,2298 Mc
waveguide

insidediameter of

length of
thicknessof tubing

weight, antenna and supportstructure

180 deg
0 deg

38 deg
259 deg

120.10 deg
camera direction

+0.10 deg

10 deg
190 deg

0 deg
0 and 180 deg

169 deg
135 deg
70 deg

120.00 deg
116.35 to

296.35 deg

119.70 deg
camera direction

+24 deg

4.3 db
2.1 db
7 in.

6.4 db
5.4 db

right-hand
circular

2E2
1.4 to 1
1.3 to 1

3.875 in.
88 in.
0.025 in.
3.87 Ib



MAGNETICFIELDS
Mars (see Scientific Data)

solar panel magnetic measurements

magnetometer X axis O 7
magnetometer Y axis 0 7
magnetometer Z axis -1.6 -y

spacecraft magnetic fields, without solar panels
magnetometerX axis +5 y

magnetometer Y axis + 11.5 "y
magnetometer Z axis +31.7 -y

MAGNETOMETER(see Helium Magnetometer)

MANEUVERINHIBIT SEQUENCE

date
time

dayof flight

communicationtime, one way
Earth-probe-Sun angle
Canopus-probe-Sun angle
spacecraft celestial longitude
spacecraft celestial lattitude

Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
number of commandssent

commandsequence

MARINERIII

date shipped to AFETR

launch data (see Launch Data, Time Spans)

launchdate

launch events (see EventTimes)

orbital information(see Orbit Data)

26 Aug 1965
21:06:56
271

15 min, 40 sec
34.0 deg
77.9 deg
247.0 deg
0.9 deg
332.5 deg
249.6 deg
269,664,180 km

167,561,550 mi
235,326,760 km
146,225,270 mi
16,253,118 km
10,099,219 mi
79,225.6 mph

10,308.5 mph
48,306.5 mph
2

DC-13,QC-1

23 Aug 1964

5 Nov 1964
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MARS
albedo,average
atmosphere

celestiallongitudes(seeCelestialLongitudes,
Mars)

dataresulting from Mariner IV flight (see
Scientific Data)

day, length (in Earth hours)

Deimos

angle between camera pointing direction
and Deimosduring picture taking

closestdistanceto spacecraft
direction of revolution
distancefrom center of Mars
inclination of orbit to Mars equator

period of revolution
size

density, mean
density relative to Earth

diameter, mean(nominal)
diameter relative to Earth
distancefrom Earth

minimum,closestapproach
maximum

maximumclosestapproachdistance
distancefrom Sun

minimum
maximum
mean distance

escape velocity

escape velocity relative to Earth

gravity relative to Earth

inclination of equatorial plane to orbital plane
intensity of sunlighton surface relative to Earth

mass of Sun + mass of Mars

W. de Sitter (1938)
E. K. Rabe(1949)

H. C. Urey (1952)

Mariner IV (preliminary)
mass relative to Earth

North Pole tilt during encounter,direction of

0.15
10 gm/cm _
4.1 to 7.0 mb

24 hr, 37 min,
22.62 sec

6 deg
14,000 km
east to west
14,600 mi

1.6 deg
30 hr, 18 rain
6-mi diam

3.96 gm/cm _
0.71 (71% of

Earth's)
4200 mi

0.536

34,600,000 mi

248,000,000 mi
61,000,000 mi

128,200,000 mi
154,500,000 mi
141,500,000 rni
3.2 mi/sec
11,520 mph
0.449

0.38 (38%)

25.2 deg
0.43 (43%)

3,085,000 ± 5000

3,110,000 ± 7700

3,079,000 ± 6000

3,098,600 ±3000
0.107

toward Earth
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MARS(Cont'd)

oppositiondates 9 Mar 1965

15 Apr 1967
31 May 1969

10 Aug 1971
25 Oct 1973

orbital data

orbital eccentricity 0.093

orbital inclination to ecliptic 1.85 deg

period of orbit
Earth days 686.98

Martian days 669

orbital velocity relative to Sun, average 15 mi/sec
54,000 mph

Phobos

angle between camera pointing direction
and Phobosduring picture taking

closestdistance to spacecraft

direction of revolution

distancefrom center of Mars

inclination of orbit to Mars equator

period of revolution

size

radius of Mars

prior to encounter

uncertainty in pre.encounterradius

seasons, averagelength of (in Earth days)

spring

summer

autumn

winter

seasonlocationsduring encounter
northern hemisphere

southern hemisphere

subsolarpoint, location of at encounter

surface area relative to Earth

MASS(see Scientific Data)

13 deg

1500 km

west to east

5,800 mi

1.1 deg

7 hr, 39 min

lO-mi diam

3378 km
2099 mi

50 to 75 km

199 days

183 days

147 days

158 days

summer

winter

15.3 deg N
latitude

0.25

MATERIALS(see Spacecraft Structure, AbsorptivityStandard)
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MEASUREMENTS(seeScientificData,Telemetry;seealsoCosmic
DustDetector,CosmicRayTelescope,HeliumMagnetometer,
IonizationChamber,SolarPanelProbe,TrappedRadiation
Detector,andFigs.10-13,23,and25-34)

MIDCOURSEMANEUVER(seealsoEventTimes)
date
time

dayofflight
communicationtime(oneway)
Earth-probe-Sunangle
Canopus-probe-Sunangle
spacecraftcelestiallongitude
spacecraftcelestiallatitude
Earthcelestiallongitude
Marscelestiallongitude
spacecraftdistancefrom Earth

spacecraft distancefrom Sun

spacecraft distancefrom Mars

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars

spacecraft velocity relative to Sun
number of commandssent

total time for event

computedideal parameters
pitch turn
roll turn
motor burn time

velocity increment
commandedparameters

pitch turn
roll turn
motor burn time

velocity increment

5 Dec 1964
13:05:00 to

16:21:07
7
3.35 sec

65.8 deg
102.2 deg

74.3 deg
1.31 deg
73.6 deg
127.5 deg
2,022,244 km
1,256,622 mi
148,215,700 km
92,101,235 mi
197,286,320 km

]22,588,040 mi
24,875,140 km
15,460,000 mi
7,050 mph
59,396 mph
74,150 mph
6
3 hr, 16 min, 7 sec

-39.23 deg

+ 156.08 deg
20.0666 sec

16.7049 m/sec

-39.16 deg
+156.06 deg

20.06 sec

16.699 m/sec

Watching . .. listening.., waiting ... as
Mariner IV approaches the planet Mars
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MIDCOURSEMANEUVER(Cont'd)

spacecraft actual performance*
pitch turn
roll turn
motor burn time

velocity increment

flight angle correction

-39.63 deg

+ 156.62 deg
20.06 sec

17.085 m/sec
or 38.2 mi/hr

1/4 deg

MIDCOURSEMOTOR(see Propulsion)

MT-1 CANOPUSCONEANGLEUPDATEEVENT

date

day of flight
time

cone angle setting
communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sunangle
spacecraft celestial longitude
spacecraft celestial latitude

Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

27 Feb 1965
91
17:02:19

95.7 deg
2 rain, 7 sec
24.9 deg
99.3 (leg
152.5 deg
0.13 deg
158.8 deg

164.4 deg
38,281,029 krn
23,787,831 mi
182,045,500 km
] 13,123,074 mi
80,185,156 km
49,824,746 mi
244,773,888 km
152,127,960 mi

21,231.3 mph
27,494.4 mph
61,787.3 mph

MT-2 CANOPUSCONEANGLEUPDATEEVENT

date

day of flight
time

cone angle setting
communicationtime (one way)

Earth-probe-Sun angle
Canopus-probe-Sunangle

2 Apr 1965
125

14:25:15

91.1 deg
4 rain

38.2 deg
94.5 deg

*Based on orbit determinations made in April 1965
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MT-2 CANOPUSCONEANGLEUPDATEEVENT(Cont'd)

spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

distance traveled along heliocentricarc

spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-3 CANOPUSCONEANGLEUPDATEEVENT

date

day of flight
time

coneangle setting
communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-4 CANOPUSCONEANGLEUPDATEEVENT

date

day of flight
time

cone angle setting

175.2 deg
0.12 deg
]92.6 deg
179.4 deg
73,300,692 km
45,549,050 mi
]99,543,810 km
123,996,524 mi
50,357,019 km

31,290,400 mi
319,883,118 km
198,808,650 mi
32,703.7
19,060.0
56,373.6

7 May 1965
160
14:28:15

86.5 deg
6 min, 31 sec
42.6 deg

89.8 deg
195.0 deg
0.10 deg
226.8 deg
]95.1 deg
117,544,150 km
73,041,934 mi
214,853,380 km

133,509,890 mi
28,830,578 km
17,914,490 mi
392,994,369 km
244,247,588 mi
32,703.7 mph

13,367.4 mph
51,998.1 mph

14 Jun 1965

198
]5:51:45

82.0 deg
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MT-4CANOPUSCONEANGLEUPDATEEVENT(Cont'd)
communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sun angle
space(:raft celestial longitude
spacecraft celestial latitude

Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

distancetraveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-5 CHANGEOVERTO HIGH-GAINANTENNA

date

day of flight
time

communicationtime (one way)
Earth-probe-Sun angle
Canopus-probe-Sunangle
spacecraft celestial longitude
spacecraft celestial latitude

Earth celestial longitude
Mars celestial longitude

spacecraft distancefrom Earth

spacecraft distance from Sun

spacecraft distance from Mars

distancetraveled along heliocentricarc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-6 CHANGEOVERTO 8-I/3 Izps
date

day of flight

9 rain, 34 sec
42.0 deg
85.3 deg
213.8 deg
7.23 deg

263.2 deg
212.9 deg
]72,429,480 km
107,146,670 mi
226,861,550 km
140,971,760 mi
11,808,201 km
7,337,276 mi

468,615,715 km
291,246,560 mi
56,174.8 mph
10,374.4 mph
48,751.0 mph

5 Mar 1965
97
]3;02:37

2 min, 25 sec
28.2 deg
98.5 deg

156.9 deg
0.13 deg

164.8 deg
167,0 deg
43,383,627 km
26,958,585 mi
185,229,220 km
]15,]0],437 mi

74,]65,511 km
46,084,312 mi

256,593,]03 km
159,473,650 mi
23,242.] mph
25,788.7 mph
60,764.2 mph

3 Jan ]965
36
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MT-6CHANGEOVERTO8-1/3bps(Cont'd)
time

communicationtime(oneway)
Earth-probe-Sunangle
Canopus-probe-Sunangle

spacecraft celestial longitude
spacecraft celestial latitude

Earth celestial longitude
Mars celestial longitude
spacecraft distancefrom Earth

spacecraft distancefrom Sun

spacecraft distance from Mars

distance traveled along heliocentricarc

spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-7 EVENT(see Encounter)

MT-8 EVENT(see EventTimes)

MT-9 EVENT(see EventTimes)

16:59:54
33.2 sec

30.8 deg
104.1 deg
105.0 deg
7.63 deg
103.0 deg
140.3 deg
9,914,631 km
6,160,952 mi

155,536,560 km
96,650,418 rni
151,243,810 km
93,978,547 mi
103,651,827 km
64,420,029 mi

7,710.5 mph
47,319.7 mph
71,146.8 mph

NARROW-ANGLEACQUISITION(see EventTimes, Narrow-Angle
Mars Gate)

NARROW-ANGLEMARSGATE

electrical components,number of
field of view
focal length
lens diameter

lookangle (see also Fig. 35)
cone direction
clock direction

operating temperature
power required
reference designationof instrument

scan limits, clock angle

size

subsystemweight
Sun rejection angle

NASAQUARTERLYREVIEWS(see Dates)

9

2.5 x 1.5 deg
1.5 in.
0.5 in.

120.10 deg
camera direction

+0.10 deg
-30 to 55°C
0.03 w
7 MG1
116.45 to 296.45

deg
1 in. diam × 4 in.
0.16 Ib

22 deg off axis
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OCCULTATIONEXPERIMENT
enter occultation

time at spacecraft (15 July 1965)

time observedon Earth

point of entrance

Mars time at point of entrance

altitude above Mars

height of ionosphereat point of entrance

exit occultation

time at spacecraft (15 July 1965)

time observedon Earth

point of emergence

Mars time at point of emergence

altitude above Mars

range rate accuracy

scientific results (see Scientific Data)

02:19:11

02:31:12

55-deg S
latitude

177-deg E
longitude

afternoon

22,433 km
13,942 mi

100 to 200 km

62 to 75 mi

03:13:04

03:25:06

60-deg N
latitude

34-deg W

longitude

just before
sunrise

35,916 km
22,322 mi

0.005 ft/s

OPPOSITION(see Orbit Data)

ORBITDATA,MARINERIII

aphelion distance

closestapproachto Mars

distanceof

date of

time of

orbital period aroundSun

perihelion distance
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196,119,120 km

121,868,420 mi

67,374,294 km
41,866,386 mi

15 Apr 1965

20:17:51

448.7 days

147,081,040 km
91,396,158 mi



ORBITDATA,MARINERIV
aphelion

datesof

distanceof

spacecraftvelocityrelativetoSun
celestialparameters

astromicalunit
pre-launch

pre-encounter,10 July 1965

post encounter

radius of Marsusedfor orbit determination

solar radiation constant used in orbit

determinations

universalconstant of gravitation used in
orbit determinations

celestial position (see also Table 4)
celestial latitude of spacecraft through

1971 (see Fig. 40)

nearest approachof spacecraft to
Earth-Sun line on dark side (angle
viewed from Earth)

Sun-spacecraft conjunction

Sun-spacecraft opposition

closestapproachto Mars (see alsomajorheading,
ClosestApproachto Mars)

altitude aboveMars

altitude above Mars, prior to midcourse
maneuver

date of

distance from center of Mars

time of

26 Aug 1965
22 Mar 1967

235,331,000 km
146,228,000 mi
48,500 mph

149,598,500 km

92,960,507 mi

149,599,660 km
92,961,228 mi

not yet
determined

3,378 km
2,099 mi

103,100,000

kg-km x lO_/sec=

0.6671X 10-_

km3/kg se_

within 1 deg

1Apr 1966

28 Jan 1965

]5 Aug 1967

9,846.6 km
6,118.4 mi

249,452 km

155,009 mi

15 Jul 1965

13,200.6 km
8,202.4 mi

01:00:57
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ORBITDATA,MARINERIV(Cant'd)
Earth-spacecraftrange(seealsoTables3and4)

maximumrange

maximumrange, date of

minimumrange, after encounter

heliocentric orbit

date of first completed trip aroundSun

eccentricity of

inclination to ecliptic, before encounter

inclination to ecliptic, after encounter

(see Fig. 40)

inclination to Mars orbit

longitude of ascendingnode

orbital period

pre- and post-encounter(see Fig.36)

semi-majoraxis

semi-minoraxis

miscellaneousdata

aiming point diagram (see Fig. 37)

angle of celestial longitudeof Earth
between launchand closestapproach

angle of celestial longitudeof spacecraft
between launchandclosestapproach

Bvector

distance between initial aiming point
(in B plane) and actual point hit

increase in B vector during encounter

closestapproachto Earth after encounter

date of
time of

deflection of spacecraft from ecliptic
at Mars

encounter velocities and altitudes

(see Fig. 39)
near-Marstrajectory parameters

(see Fig. 38)
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348 million km
216 million mi

3 Jan 1966

46,946,445 km
29,172,521 mi

6 Jun 1966

0.1732

0.1288 deg

2 540 deg

58.19 deg

226.75 deg

567.12 days

200,590,000 km
124,641,000 mi

197,580,650 km
]27,776,610 mi

225.9 deg

161.4 deg

3,295 km

2,048 mi

850 km
528 mi

8 Sept 1967
06:36:19.09

16.489 deg



ORBITDATA,MARINERIV(Cont'd)
- perihelion

argument of perihelion
dates of

distance of

spacecraft velocity relative to Sun

PARKINGORBIT (see Launch Data)

200.63 deg
5 Jun 1966
25 Dec 1967

]165,849,000km
103,054,000 mi

68,200 mph

PARTSFAILURESUMMARY(see Table 26)

PARTS,NUMBEROF (see Spacecraft)

PERIHELION(see Orbit Data)

PERSONNEL

(Note: Multiple namesfor one positionare

given in order of service)

NASA

Program Manager
Program Engineer
ProgramScientist

Project Manager

AssistantProject Managers

Project Staff
ProgramEngineer

MissionAnalysis

LaunchConstraints

LaunchVehicle Integration

Quality Control
Reliability

Contract Administration

ReportsCoordination
Fiscal Control

Project Scientist

AssistantProject Scientist

G. A. Reiff
A. Edwards
J. M. Weldon

E. A. Gaugler
J. N. James
D. Schneiderman
T. H. Parker
W. A. Collier

D. E. Shaw

E. Cutting
N. R. Haynes
J. S. Reuyl
J. Q. Spaulding
G. W. Haddock

A. N. Williams
R. A. Welnick
F. A. Paul

F. H. Wright
L. T. White
R. M. Van Buren

F. Fairfield

C. W. Snyder
R. K. Sloan
N. R. Anderson
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PERSONNEL(Cant'd)
ScientificInvestigators(seeTable7)
SystemManagers

SpacecraftSystemManager

LaunchVehicleSystemManager
SFOSystemMan_;ger

DSNSystem Manager
Project Representatives

ComputerApplications
Deep Space Network (DSN)

EnvironmentalRequirements

EnvironmentalTesting

Guidanceand Control and Power

LaunchConstraints
LaunchVehicle Integration

Procurement

Propulsion

QualityAssurance

Reliability

Spacecraft System Engineer

Spacecraft Operations(groundand
launch)

Space Flight Operations(SFO)

SpaceSciences

SystemsAnalysisand Trajectories

Stores/Supply
Structures and Thermal Control

D. Schneiderman
J. R, Casani
S. C. Himmel
M. S. Johnson
T. S. Bilbo

N. A. Renzetti

F. G. Curl
J, R. Hall
A. T. Burke
W, L. Brown

J. E. Maclay

J. R. Hyde
D, S. Hess
J. O. Stoker
J, D. Acord
D. R. Thomas
K, M. Dawson

J. S, Reuyl

J. Q. Spaulding
G. W. Haddock
A. N. Williams
L. T. White
B. W. Schmitz
T. Groudle
D. C. Mesnard

R. A. Welnick
F. A. Paul

F. H. Wright
J. R. Casani
A. G. Conrad

M. T. Goldfine
D. W. Douglas
H. G. Trostle
R. K. Sloan

E. Cutting
N. R. Haynes
C. H. Fields
W. J. Schimandle

J. N. Wilson
J. D. Schmuecker
L. N. Dumas
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PERSONNEL¢ont'd)
Project Representatives(cont'd)

Telecommunications

Cognizant Engineers

absorptivitystandard

attitude control gas system

attitude control packaging

attitude control subsystem

Project Engineer

analyst

attitude control subsystemOSE

autopilot

battery

cabling
Canopustracker

central computerand sequencer

Project Engineer

cognizant engineer
central computer and sequencer OSE

cosmicdust detector

cosmicray telescope
data automation system

data encoder

electrical converters

groundcommand

groundhandlingequipment

groundtelemetry

guidance and control analysis

helium magnetometer
inertial sensors

ionization chamber

jet vane actuators

low-gainantenna dampers
mechanicalsubsystems

J. N. Bryden
T. C. Sorensen

R. L. Balluff

J. A. Hunter

J. Brandt

D. W. Lewis

T. O.Thostesen

J. B. Dahlgren

F. W. Brocksieper

W. H. Benjamin
H. K. Bouvier

J, F. Petralia

J. F. South

W. L. Long
W. B. Pierce

E.S. Davis

N. H. Herman

U. S. Lingon
D. L. Ross

D. K. Schofield

R, J. Holman

O. W. Slaughter
W. J. Schneider

D. L. Nay

W, C. Apel

R. L. Spencer
A. R. Lowe

R. M. Norman

R, L. Balluff

D. R. Thomas

D. D. Norris

P..1. Hand

L, G, Oespain
C. Casablanca

P. T. Lyman
R. A. Barlow

P. T. Lyman
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PERSONNEL(Cont'd)
Cognizantengineers(cont'd)

midcourse maneuverplan
orbit determination

pin pullers and squibs
planetaryscan actuator
planetary scan sensor
planetary scan subsystem

power OSE
power subsystem(Project Engineer)
power subsystemcontract
primary structure
propulsionsystem

pyrotechnicarming switch
pyrotechnicsubsystem
radio OSE

radio subsystem
science OSE

science systemintegration

science systemsupport
scientific instrumentspackaging
separation initiated timer

solar panelactuator
solar panel dampers
solar panel structure
solar panels
solar plasmaprobe
solar pressurevane control
solar pressurevanes (mechanical)

space sciences(Project Engineer)

spacecraft analysis
spacecraft antennas(electrical)
spacecraft antennas (mechanical)
spacecraft command

spacecraft mechanicaldevelopment
Sunsensors

superstructure
system OSEintegration
television electronics

television optics

temperature control
temperature control louvers

52

H. J. Gordon
G. W. Null

A. G. Benedict

E. L. Floyd
R. Y. Wong
G. Coyle
L. A. Packard, Jr.
K. M. Dawson
G. C. Cleven

J. J. Lansford
B. W. Schmitz
T. A. Groudle
J. C. Randall
M. L. Moore
S. J. Burks

T. A. Cocca
G. Hentosz
R. Rotter
W. G. Fawcett
W. Powell
J. Casler

G. Coyle
L. E. Ellioff
P. T. Lyman
R. L. Moore
J. V. Goldsmith
R. A. Graham
T. J. Donlin

J. C. Randall
F. L. Schutz
W. G. Fawcett
J, P. Holmes
J. F. Boreham

W. E. Layman
A. J. Spear
J. Schmuecker
L. F. Schmidt

R, J. Spehalski

H. B. Phillips
J. D. Allen
R. A. Becker
D. WoLewis

G. Coyle



PERSONNEL(Cont'd)
Cognizantengineers(cont'd)

temperaturecontrolshields

temperature control testing
trajectories
trapped radiation detector

videostorage subsystem
CognizantScientists

cosmicdust detector

cosmicray telescope

helium magnetometer
ionization chamber

occultationexperiment
science grounddata handling

solar plasma probe
spacecraft television system
trapped radiation detector

SpaceFlight Operations
Director (SFOD)
Assistant Director

operationscontrollers

EngineeringPlanner
AdministrativeAid
Data Coordinator

Space Flight OperationFacility
Manager

assistants

DSIF Operations
Manager
assistants

ComputerApplications
Project Engineer

R. J. Spehalski
H. D. VonDelden

M. B. Gram
D. A. Tito
D. K. Schofield
W. M. Trester

B. V. Connor

H. R. Anderson
E. J. Smith
H. R. Anderson
A. Kliore
K. Heftman

S. Gunter
M. Sander

C. W. Snyder
A. G. Herrirnan
H. R. Anderson
R. Lockhart

D. W. Douglas
D. F. Beauchamp
D. P. Backofen
F. L. House
M. D. Johnson

C. L. Morgan
T. M. Taylor
D. G. Tustin
B. A. Pirtle
D. C. Schultheis
F. L. House

D. B. Sparks
D. A. Nelson
A. Ternstrom
F. J. Walker

W. L. Brown
J. ToHatch

C. K. Hornbeck
E. S. Martin

F. G. Curl
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PERSONNEL(Cant'd)
Space Flight Operations (cant'd)

Spacecraft PerformanceAnalysisand
Command(SPAC)

Director
assistants

Space Sciences Analysisand Command
Director
assistants

A. G. Conrad
R. K. Case

R. F. Draper
R. F. Miles
R. A. Neilson

P. H. Steinbrook

R. K. Sloan
H. R. Anderson
W. G. Fawcett
S. Z. Gunter

Flight Path Analysisand Command
Director N.R. Haynes

PHOBOS(see Mars)

PHOTOGRAPHS(see Picture Data)

PICTUREDATA(see also Fig. 20)

area

average of all pictures 97,032 km2
35,512 mi2

least amountshown 24,325 mi_
picture showingleast amountof picture 14
Martian surface covered 1%

closest shot, slant range picture 17
closestshot, slant range distance 11,976 km

7,400 mi
craters

number of in 21 pictures approx.70
range in sizesof visible craters 3 to 93 mi

data bits

numberper picture element 6
number per line 1200
numberper picture 198,900

total numberplayed back in 21 pictures
plus 22 lines 4,199,340

duration of picture taking sequenceat
spacecraft 25 min, 12 sec
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The operations room.., scene of many tense
moments during the encounter sequence





PICTUREDATA(Cant'd)

first picture
time taken, at spacecraft

(15 July 1965)

location of first indicationof light

date of first press release(PDT)
time of first press release(PDT)

locations of pictures on planet
(see Fig. 20)

numberof picturestaken
path of pictures acrossplanet

latitudinal direction

longitudinaldirection
region covered, latitudinat direction
region covered, longitudinal direction

picture elements
picture dimensions,nominal

picture dimensions,actual

number per picture (excluding
sync and line information)

total number in 21 pictures plus 22 lines
playback,first

first picture start date
first picture start time
last picture end date

last picture end time
elapsedtime, first picture start--

last picture end

playback,second
first picture start date
first picture start time

last picture end date
last picture end time
elapsedtime, first picture start--

last picture end
playback,total time
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shadesof gray
number of

digits usedto represent

00:18:33.1

element 29 of
line 6

15 Jul 1965
9:00 PM

21 plus 22 lines

33.4 N to

50.5-deg S
171.5 to 252.6 deg
83.9 deg
81.] deg

200 x 200
elements

195 x 170
elements

33,150
699,890

15 Jul 1965
13:0]:58 GMT
24 Jul ]965
19:26:33

9 day, 6 hr, 24 min,
35 sec

24 Jul ]965
2]:23:53

3 Aug 1965
03:36:02

9 days, 6 hr, ]4min,
9 sec

]8 days, 12 hr, 38
min, 44 sec

64
0 to 63



PICTUREDATA(Cont'd)
•shadesofgray(cont'd)

digitforblack
digitforwhite

straightestSun angle
straightest Sun angle, picture with

straightest view angle
straightest view, picture with
surface dimensionscovered by pictures,

average (see also Table 5)
east-west

north-south

time between MT-9 and first picture
transmissiontime

per element
per line
per picture, average time

for Data Mode 1 telemetry between

pictures, average

PLANETARYACQUISITION(see Wide-AngleAcquisition)

PLANETARYSCANPLATFORM

angular position(clock angle)
when pinned
after cover drop event
attempted by DC-24 at encounter
actual setting after DC-24at encounter
offset from nominal at encounter

backlash of platform
electrical components,number of

(see Table 9)
field of view of wide-angleacquisition

sensor

look angle of wide-angleacquisitionsensor
cone direction
clock direction

planet tracking accuracy

power required

63
0

13.6 deg
picture 3

20.5 deg
pictures 11 and 12

312 km
]94 mi

311 km
193 mi

I hr, 7 min

0.72 sec

2 min, 24 sec
8 hr, 35 rain,

39 sec

1 hr, 57 min,
3 sec

238.3 deg
177.9 deg
179.43 deg
178.69 deg

0.74 deg
21.47 min of arc

5O2

48.5 deg cone

]19.7 deg
camera direction

+0.24 deg

±1 deg + 1% of
planet angular
diam

4.65 w _ 2.4 kc
2.81w @ 400 cps
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PLANETARYSCAN PLATFORM(Cont'd)

reference designationsof subassemblies
(see Table 8)

scan cycle
scan limits, clock angle (see also Fig. 5)

scan rate

search cycles, number performed
at cover drop event
at encounter

temperature range, operating
time per cycle at (;overdrop event, average
time per cycle at encounter, average
weight (see Table 10)

PLASMAPROBE(see Solar PlasmaProbe)

POST-INJECTIONPROPULSIONSYSTEM(see Propulsion)

POWERSUBSYSTEM(see also Solar Panels)

battery
life

type
numberof cells

voltage reading at Sunacquisition,
28 November1964

voltage readingat end of mission
electrical components,number of,

excluding solar cells (see Table 9)
inverters, number of

location of power regulator and battery
location of power subsystemon spacecraft
output voltages

2.4 kc square wave
400 cps square wave

400 cps step square wave (to gyros)
power consumption during cruise, average
reference designation of subassemblies

(see Table 8)

regulators, numberof
regulator output voltage
regulator power capability
solar panel power output (see Fig. 28)
telemetry points, numberof
weight, including solar panels

(see Table 10)

180 deg
116.59 to 296.59

deg

0.5 deg/sec

10

14
-40 to +80°C

11 min, 51 sec
11 min, 53.2 sec
6.85 Ib

1200 whr
silver-zinc
18

34.5 v

37.2 v

901
4

BayVIII
Bay I

50 vac ±2%
28 and 32.5 vac

±5%
27 vac ± 10%
170 w

2
52 vdc ± 1%
150 w

22

149.97 Ib
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PRINCIPALINVESTIGATORS(seeTable7)
PROBLEM/FAILUREREPORTS

total 1461
after launch 70

before launch
attitude control 111

central computer and sequencer 59
command 31
cosmicdust detector 17

cosmicray telescope 32
data automation subsystem 91
data encoder 38

helium magnetometer 8
ionizationchamber 21
launch vehicle interface 17

operational supportequipment 288
planetary scan subsystem 48
post-injection propulsion 16

power 63
pyrotechnics 24
radio 134

solar plasma probe 44

spacecraft 27
television 54

thermal control 12

trapped radiation detector 9
ultraviolet photometer 6
video storage(tape recorder) 51

wiring and cabling 55
miscellaneous 27
total 1391

PROPULSIONSYSTEM

amountof fuel usedduring midcourse

maneuver 4.19 Ib

burntime capability
at launch 103 sec

after midcoursemaneuver 81 sec

burn time during midcourse maneuver 20.06 sec

characteristicvelocity 4340 ft/sec

location on spacecraft Say II

maximumthrust vector deflection

capability,2 jet vanes deflected 25 deg ± 5.0 deg
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PROPULSIONSYSTEM(Cont'd)
motoralignmentatlaunch

horizontaloffset 0.010in.
verticaloffset 0.002in.
motortiltangle 2.00deg

nitrogentemperaturevariationduring
flight(seeFig.32)

nozzleexpansionratio
operatingtemperaturerange
propellant flow rate

reference designationof subsystem
specific heat ratio
stagnation chamberpressure
throat area, ambient
type of fuel

uncertainty in motor pointingaccuracy
vacuumspecific impulse(without jet vanes)
vacuumspecific impulse,4 jet vanes

deflected 10 deg
vacuumthrust, without jet vanes
vacuumthrust, 4 jet vanes deflected 10 deg
vacuumthrust coefficient, without jet

vanes 1.7500
weight, subsystem(see Table 10) 47.55 Ib

weight of fuel after midcourse maneuver 17.01 Ib
weight, total dry unserviced 26.68 Ib
weight, wet

nitrogen gas 1.00 Ib
oxidizer 0.113 Ib

propellant 21.56 Ib
squibs 0.62 Ib
total wet weight 49.99 Ib

44:1
+35 to +125°F

0.21487 Ibm/sec
10A1
1.38

189.4 psia
0.15 in.=

anhydrous
hydrazine

2.5 mrad max.

236.0 Ibf-sec/Ibm

232.7 Ibf-sec/Ibm
50.71 Ibf
50.00 Ibf

PROTONS(see Scientific Data, TrappedRadiation Detector,
CosmicRayTelescope)

PUBLICATIONS(see Table 25)

PYROTECHNICS

electrical components,number of
(see Table 9) 208

pinpullers, number of 9
pyrotechniccontrol unit

number of electrical components 565
power required 0.48 w
weight 3.92 Ib
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PYROTECHNICS(Cont'd)

squibs
number of

power required to fire

weight, subsystem(see Table 10)

29
212 w (or ]-msec

peak)
12.21 Ib

QUARTERLYREVIEWS,NASA(see Dates)

RADIATION(see CosmicRay Telescope, Ionization Chamber,
Scientific Datafrom Mariner IV, Trapped Radiation
Detector)

RADIO(see also High-Gain Antenna, Low-GainAntenna)

cavity amplifier output (nominal)

dc power input to cavity power amplifier

dc power input to traveling wave tube
amplifier

dynamicrangeto threshold (nominal)
electrical components,numberof

(see Table 9)

exciter output (nominal)
interferometer effect during Mariner IV

flight (see Fig. 27)

location of subsystemon spacecraft

maximumreceiver gain (nominal)
noise temperature (maximum)including

preselector (nominal)
nominal down-linkfrequency for VCO

(zero static phase error)

nominal one-waytransmissionfrequency
at 25°C

exciter A

exciter B

nominal up-link frequency for VCO
(zero static phaseerror)

reference designationsof subassemblies
(see Table 8)

threshold level, carrier (nominal)
threshold level, telemetry (nominal)

traveling wave tube amplifier output,
nominal

0.5 w and 7 w
(-I-38 dbm)

38.8 w

60.3 w
80 db

1571
0.5 w (+27 dbm)

Bay V and
Bay VI

193 db

3370°K

2297.591400 Mc

@25°C

2297.586552 Mc

2297.592936 Mc

2115.698747 Mc

@25°C

-151 dbm
- 163 dbm

10 w (-I-40 dbm)
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RADIO(Cont'd)
weight,subsystem(seeTable10) 34.40Ib
2.4kcpowerinputto receiver 7.5 w
2.4 kc power input to exciters and control

unit ]3 w

RANGE(see Orbit Data)

RECEIVER(see Radio)

REDUNDANCY(see Table 11)

REFERENCEDESIGNATIONS(see Table 8)

RELIABILITY,PARTFAILURESUMMARY(see Table 26)

REPORTS(see Table 25)

ROLLRATE

Canopussensor off 3.5 mrad/sec
Canopussensoron 2.0 mrad/sec

SCANPLATFORM(see Planetary Scan Platform)

SCIENCESUBSYSTEM(see also Narrow-AngleMars Gate,
Planetary Scan Platform,Television Subsystem)

ancillaries data automation

system
narrow-angleMars

gate
planetary scan

system
18,152
6

components,number of
instruments, number of

instruments, field and particle (see also
headingsby instrumentname)

location of electronics on spacecraft

power required by field and particle
instrument plus data automation
system

reference designationsof science
instruments (see Table 8)

weight (see Table 10)

solar plasma
probe

ionizationchamber

trapped radiation
detector

cosmic ray
telescope

cosmicdust
detector

helium

magnetometer
Bay III

15.4 w

59.41 Ib



SCIENTIFICDATAFROMMARINERIV
dipole, estimated ratio of Mars' to Earth's

cosmic ray telescope

trapped radiation detector

solar plasma probe

helium magnetometer

dipole moment of Earth

distanceof spacecraft above Earth-Sun line
while in Earth's shadow

geocentric distance of spacecraft while
in Earth's shadow

magnetic field at surface of Mars
trapped radiation detector

helium magnetometer

mass of Sun + mass of Mars
W. de Sitter (1938)

E. K. Rabe (1949)

H. C. Urey (1952)

Mariner IV (preliminary)

number of scientific measurements to end

of mission (see Fig. 23)

solar flares

dates observed

1/1000

1/1000 to

5/10,000

1/1000

3/10,000 to
1/10,000

8.06 x 10:_

gauss/cm:'

300,000 km

20 million km

3,085,000

__5,000

3,110,000
±7,700

3,079,000
+6,000

3,098,600

+3,000

23 million

9-11 Jan 1965

5-10 Feb 1965

25-27 May 1965
1-3 Jun 1965
5-6 Jun 1965

13-19 Jun 1965
29 Jun-1Jul

1965
6 Jul 1965
14-15 Jul 1965

4 Aug 1965

6-9 Aug 1965
27-30 Aug 1965
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SCIENTIFIC DATAFROMMARINERIV (Cont'd)
solar flares (cont'd)

numberof clearly identifiable flares
observed

Class Ill flares
Class II flares
Class I flares
Total

cosmicdust detector
cumulativecosmicdust flux

between 1 and 1.25 AU

between 1.25 and 1.36 AU

between 1.36 and 1.43 AU

(peak flux)

between 1.43 and 1.49 AU

at encounter

distance beyondEarth's orbit at
maximumcosmicdust activity

distance from Earth at maximum

cosmicdust activity
distance from Mars at maximum

cosmicdust activity
total numberof hits at end of mission

(see Fig. 34)
cosmicray telescope

averageobservedcosmicray intensity
(protonsand alpha particles _1 Mev)

helium magnetometer
averagestrength of interplanetary

magnetic field
maximumfluctuation in field strength

ionization chamber

average ionization rate observed

maximumionization rate observed

(during5 February ]965 flare)

0
6
6
12

7.3 × 10 _ parti-

cles/m =sec
(Trsterad)

2.1 × 10-' parti-
cles/m =sec
(Trsterad)

3.3 x ]0-' parti-
cles/m 2 sec
Gr sterad)

2.2 x 10-' parti-
cles/m 2sec
(Trsterad)

1.8 x 10-° parti-
cles/m =sec
(Trsterad)

36 million mi

99 million mi

10 million mi

approx.235

3 counts/min
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+257

1000 ion pairs/
sec cm'_STPA

190,000 ion pairs/
sec cm_ STPA



SCIENTIFICDATAFROMMARINERIV
- ionizationchamber(cont'd)

average specific ionization observed

maximumspecific ionizationobserved
(during5 February 1965 flare)

occultation experiment

atmosphere,Martian
density of, estimated

scale height of, estimated

surface number, density of

surface mass, density of

temperature of at occultation
sampling point

ionosphere,Martian
electron density, peak

height of at entering point
(maximumelectron density)

temperature of

refractivity of Martian surface

solar plasmaprobe (preliminarydata)
minimumsolar wind densityobserved,

29 Novemberto 4 December1964

maximum solar wind densityobserved,
29 November to 4 December 1964

mimmum solar wind velocityobserved,
29 November to 4 December 1964

maximum solar wind velocityobserved,
29 Novemberto 4 December 1964

minimumsolar wind flux observed,
29 Novemberto 4 December 1964

maximumsolar wind flux observed,
29 Novemberto 4 December 1964

mimmum solar wind velocity observed,
first 3 monthsof 1965

235 ion pairs/cm
STPA

670 ion pairs/cm
STPA

4.1 to 7.0 mb

10 gm/cm=
8 to 10 km
1.43 +0.1 to 175

--_0.1 × 10-'

gm/cm3
1.9 _+0.1 to 2.5

_+0.15x 10"

mol/cm

170 _+20 to 180
_+20oK

9 _+1.0 x ]O' elec-

trons/cc at 125
km altitude

]00-120 km
62-75 mi
<20O°K at 120-

200 km
3.6 ±0.2 N units

4.O/cm3

14.5/cm _

345 km/sec

467 km/sec

1.6 x lO'/cm 2 sec

5.5 x lO'/cm 2 sec

275 km/sec
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SCIENTIFICDATAFROMMARINERIV(Cont'd)
solarplasmaprobe(cont'd)

maximumsolarwindvelocityobserved,
first3monthsof]965

velocity of solar wind at encounter
density of solar wind at encounter
solar wind pressure on spacecraft at

encounter

trapped radiation detector
average count rate during mission

electrons >40 kev, protons >500
kev

protonsbetween 0.5 and 11 Mev
maximumcount rate (during

5 February 1965 flare)
electrons >40 kev, protons>500

key

protons between 0.5 and 11 Mev
outermost detected limit of Earth's

magnetosphere

SEPARATION(see EventTime)

SOLARENERGY(see Solar Panels)

SOLARFLARES(see Scientific Data)

SOLARPANELS(see also Power)

cells

type
material

number per panel

number per section
number of series cells per row

number of standard cells for telemetry
monitoring

size of each solar cell

dimensions
linear
area of each panel

total solar panel area

600 km/sec
330 km/sec
2/cm"

0.5 x 10-" dyne/
cm =

0.7 counts/sec
0.1 counts/sec

60 counts/sec
9 counts/sec

25.7 R_ at Sun-
Earth-probe angle

of 112 deg

ponn
boron diffused

silicon

28,224
1764

84

3
lx2cm

71.4 x 35.5 in.

17.6 sq ft or
2554.7 sq in.

70.4 sq ft
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The first closeup picture of Mars, taken by
Mariner IV at a range of 10,50o miles





SOLARPANELS(Cont'd)

magnetic fields (see majorheading,
Magnetic Fields)

panel sections
area of each section

number per panel
number of parallel rows per section
maximumvoltage output per section

power
output watts available (see Fig. 28)

near earth, at 55°C

at closest approach,at - ]O°C
solar panel power demands

before encounter

during encounter
during picture playback
after picture playback

reference designationsof subassemblies
(see Table8)

solar constant
at Earth
at Mars

solar energy
near Earth
near Mars

solar intensity duringflight (see Fig. 30)
temperatures of solar panels duringflight

(see Fig. 29)
weight of all panels(see Table 10)

weight of each panel

4.4 sq ft
4
21
50 v

700 w
325 w

]64 w
]97 w
147 w
164 w

1.49 x ]0 _ km

2.32 x 20" km

135 mw/cm'
58.8 mw/cm'

79.02 Ib

]8.5 Ib

SOLARPLASMAPROBE

diameter of viewing aperture

electrical components,numberof (see Table9)
field of view

grids,number of
lookangle

cone direction
clock direction

measurementranges (positive ions)
flux density

energy spectrum

2.5 in.

]290

30 deg half-angle
cone

4

10 deg
9 deg

5 X 10 5 to

5 x 10-' parti-
cles/cm _

30 ev to 10 key
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SOLARPLASMAPROBE(Cont'd)

power required
average 2.65 w
peak 2.90 w

reference designationsof subassemblies
(see Table 8)

scientific results (see Scientific Data)
sensors,number of ]

weight (see Table 10) 6.41 Ib

SOLARRADIATION(see Solar Panels)

SOLARVANES

angular operating range of solar vane 4-2G deg

area of each vane 7 sq ft
force of solar particles on each vane

(nominal) ]0 -e Ib

maximumrestoring torque over 0.5-deg
limit cycle

thermal actuator illumination at spacecraft
off-angle of 5 deg 50%

total dynamicrange of thermal actuator 5 deg
total solar vane area 28 sq ft.

SOLARWIND (see Scientific Data, Solar PlasmaProbe)

SPACECRAFT

clock angle O-degreference

0.85 dyne cm

Canopustracker
view direction,
Bay VIII, 34

dog from -Y
axis

configuration(see Fig. I)
electrical components,total numberof

(see Table 9) 39,220
functions with alternate operations,

number of 18

optionsavailable for 18 functions,
numberof 53

redundantitems (see Table 11)

redundantitems, number of 13
spacecraft area presented to solar radiation 11.12 sq meters
spacecraft center-of-gravityposition

(measured)
X axis
Y axis

Z axis

+0.698 in.
-0.023 in.

-]2.293 in.
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SPACECRAFT(Cent'd)
spacecraftmagneticfield(atmagnetometer,

without solar panels)
magnetometerX axis
magnetometerY axis
magnetometerZ axis

total numberof parts
weight

+5-y
+11.5 7
+31.7 -y
138,000
574.74 Ib

70

SPACECRAFTSTRUCTURE

boost dampers
nominal damping rate
nominal spring rate
damper tube material
damperspring material

cruise dampers
dampingratio

damperbody material

damper shaft material
dimensionsof electronic package cases
high-gainantenna material

low-gainantenna dampers
nominal dampingrate, short damper
nominal dampingrate, long damper
nominal spring rate, short damper
nominalspring rate, long damper
dampertube material
damperspring material

octagon
material

flatness of octagonrings
bolts and screws material

scan platform material

science cover material

secondarystructure material

solar panel material

15 Ib/in./sec
185 Ib/in.
aluminumalloy
berylliumcopper

0.15 to 0.70

matchedto
within 0.1

polished
aluminum

titanium alloy
15 x 16-1/2 in.
aluminum

honeycomb

5.5 Ib/in./sec

11 Ib/in./sec
160 Ib/in.
320 Ib/in.
aluminumalloy
beryllium copper

forged
magnesium

0.010 in./54 in.
titanium
machined

aluminum

bondedaluminum
honeycomb

0.035 aluminum

tubing
0.5 in. corrugated

aluminumalloy



SPACECRAFTSTRUCTURE(Cont'd)
spacecraftfeet

numberof
widthof

weight(seeTable10)

SPACECRAFTVELOCITY(seeVelocity)

SQUIBS(seePyrotechnics)

STARACQUISITION(seeAttitudeControl,Canopus
Tracker)

STARMAP
numberofstarsstoredincomputer

8
1 in.
78.44 Ib

423 + Milky Way
and Zodiacal

light

SUBCONTRACTORS(see Table 24)

SUBSYSTEMS(see Attitude Control, Central Computerand
Sequencer, Command,Data Encoder,High-Gain
Antenna, Low-GainAntenna, Power, Propulsion,
Pyrotechnics, Radio, ScienceSubsystem,Structure,

Tape Recorder, TemperatureControl,Wiring and
Cabling)

SUN ACQUISITION(see EventTimes)

SUN-PROBE DISTANCE(see Distancefrom Sun)

SUN SENSORS

field of view of Sun gate

number of sensor assemblies
numberof sensor cells

number of primary cells
number of secondarycells
reference designationsof subassemblies

(see Table 8)

TAPERECORDER

bit capacity, minimum acceptable
bit error rate

electrical components,numberof (see Table 9)
interval between picturesduring record

2.2 deg half-angle
cone

4
16
4
12

5.24 × 10_

<1 in 10' bits
1479

approx.24 or 72
sec
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TAPERECORDER(Cont'd)

interval between pictures during playback

location on spacecraft
operating temperature range
playback frequency
power required, nominal

record frequency
record-to-playbackspeed ratio

recordingsequence(see Fig. 14)
reference designationsof subassemblies

(see Table 8)

tape length
tape speed, playback
tape speed,record
tape width
total recordingtime during encounter

approx.2 hr
Bay V
-10 to +70°C

8-1/3 bps
3 w record, 4 w

playback
10.7 kc

1284/i

330 ft loop
0.01 in./sec
12.84 in./sec
1/4 in.
1520 ± 20 sec, or

25 min, 20 sec,
± 20 sec

1512 cps
]6.89 Ib

VCOfrequency,nominal
weight, subsystem(see Table 10)

TELEMETRY

bits telemetered from spacecraft, total
number (assuming7 bits per measurement)

channel allocations(see also Table 19)

scientific channels 39 (Data Mode 2)
61 (Data Mode3)

housekeepingchannels 10
engineering channels 90

communicationsmeasurements 11
current measurements 13
eventcounters 4

positionmeasurements 13
pressuremeasurements 7
temperature measurements 33
voltage measurements 5
miscellaneousmeasurements 4

channelcharacteristics
data channel modulationloss +4.6 db ±0.4 db

synchronizationchannel effective noise
bandwidth +0.5 db ±0.4 db

synchronizationchannel modulationloss + 10.5 db +0.4,
-0.0 db

synchronizationchannel thresholdsignal/
noise ratio

325.5 million

+13.5 db ±0.5 db
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TELEMETRY(Cont'd)
dataframes

bitsper data frame 420

cycle time (8-1/3 bps) 50.4 sec
cycle time (33-1/3 bps) 12.6 sec
number of complete science measurements

per data frame

cosmicdust detector 1/2
cosmicray telescope 1/2

helium magnetometer 4
ionization chamber 1/4
solar plasmaprobe 1/36
trapped radiation detector 1/8

Data Modes,numberof 4
Data Modeformats

Data Mode 1

science bits per data frame 0
engineering bits per data frame 420

Data Mode 2

science bits per data frame 280

engineering bits per data frame 140
Data Mode3

science bits per data frame 420
engineeringbits per data frame 0

Data Mode4

science picture bits per data frame
engineering bits per data frame

encodingtype

engineeringformat (see Figs. 16 and 22)
error probabilities

bit error probability at threshold
required ST/N/B* for bit error

probability of 5 x 10-3

word error probability at threshold

measurements,number of
engineering measurements,to end of

mission(see Fig. 23)

420
0

sampleddata,

digital phase
shift keying
with pseudo-
noise synchroni-
zation

5 x I0 -s

_+_7.1db-cps/bps
_ 1.2 db

1 word in28

13 million

*signal power per bit to noise power in unit bandwidth
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TELEMETRY(Cent'd)
measurements, numberof (cont'd)

housekeepingmeasurements,to end of
mission

scientific measurements,to end of

mission(see Fig. 23)
total numberof measurementsto end of

mission(see Fig. 19)
telemetry resolution (commutation)at

8-1/3 bps
telemetry resolution(commutation)at

33-1/3 bps
time

between samples (see Table 20)
science data off during picture playback,

15 July to 3 August 1965

time spent in Data Mode 1
time spent in Data Mode 2
time spent in Data Mode 3

time spent in Data Mode4
transmissionrates

word length

TELEVISIONPICTURES(see Picture Data)

TELEVISIONSUBSYSTEM(see also Picture Data)

electrical components,numberof (see Table 9)
exposuretime
field of view

filter windowwavelengths
green
red

focal length
frequency

readout frequency
record frequency

gain control for brightness compensation

image erase time
look angle of camera (see also Fig. 5)

cone direction
clock direction

picture size in elements
nominal
actual

numberof picture elements per picture

10.5 million

23 million

46.5 million

50.4 sec

12.6 sec

18 days, ]2 hr,
38 min, 44 sec

102 hr, 47 min
7,338 hr
6 hr, 14 min
403 hr, 25 min
33-1/3, 8-1/3 bps
7 bits

2003
80 msor 200 ms

1.05 x 1.05 deg

4800 to 5600
5400 to 6500

12 in.

83.3 kc
10.7 kc

64:1
24 sec

120.00 deg
116.35 to 296.35

deg

200 x 200
195 x 170
33,150



TELEVISIONSUBSYSTEM(Cont'd)

number of data bits per picture element word

total number of data bits per picture
numberof data bits used for frame count, etc.
power required
readouttime

reference designationsof subassemblies
(see Table 8)

sensitivitythreshold

shadesof gray, number of
time between exposures(see Fig. 14)
type of telescope
vidicon imagesize
weight, subsystem(see Table 10)

6
198,900

12,200
8w
24 sec

0.0075 ft-c sec
64

f/8 Cassegrain
0.22 x 0.22 in.
11.28 Ib

TEMPERATURECONTROL(see also AbsorptivityStandard)

assemblies,number of
louvers

angular changeof louversrelative to

temperature
louver area for each bay
total louver area

louver positioning error
louver positiontelemetry inaccuracy
number per assembly
total number of louvers

weight of all louvers
parts, number of in system

shielding
amountof octagoncovered by shielding
material of blanket layers

number of layers in lower blanket
number of layers in upper blanket
weight of thermal passivetype shielding

temperatures during flight, typical (see Figs.
29 through 33)

weight, subsystem(see Table 10)

TESTING

environmentaltests (see Environmental Tests)

life tests (see Life Tests)

systemtests (see Fig. 21 and Table 18)

IHERMAL BLANKET(see Temperature Control)

THERMALSHIELDS(see Temperature Control)

THRUST(see PropulsionSystem)

4O

90 deg/30°F
1.4 sq ft

8.4 sq ft
± 5 deg
± 15 deg
22 (11 pairs)
132 (66 pairs)
8.57 Ib
1200

85%
0.00025 aluminized

mylar
22
31
8 Ib

15.53 Ib
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TIMECONVERSION(seeTable2)

TIMES,GMT(seeEventTimes)

TIMESPANS(seealsoEventTimes)
MarinerIllparkingorbitcoasttime
Mariner III launchto battery failure,

elapsed time
elapsedtimes, Mariner IV

launchto booster enginecutoff
launchto booster engine separation
launch to sustainerengine cutoff
launch to vernier engine cutoff
launch to shroudejection
launch to Atlas/Agena separation

launch to Agenafirst burn ignition
launch to Agenafirst burn cutoff
launch to Agenasecondburn ignition
launch to Agenasecondburn cutoff
launch to spacecraft separation
launchto solar panel deployment
launchto Sunacquisition

launch to Canopusacquisition
launch to midcoursemaneuvercompletion

launchto start of cover drop event

launchto closestapproach

launchto end of mission

spacecraft separationto Sunacquisition
MT-9 event to first picture transmission

event durations, Mariner IV
parking orbit coast time

Agenafirst burn duration
Agena secondburn duration
aborted midcourse maneuversequence

(start to Canopusre.acquisition)
midcoursemaneuversequence(start to

Canopusre-acquisition)
midcoursemaneuvermotor burn time

cover drop event
encounter sequence(first commandto

exit occultation)

television picture sequenceat spacecraft
occultation duration

76

23 min, 18 sec

8 hr, 43 min

2 min 14 sec
5 min 16 sec
4 min 59 sec
5 min 17 sec
5min 20 sec

5 rain 22 sec
6 rain 13 sec
8 min 38 sec
40 min 52 sec

42 min 27 sec
45 min 9 sec
53 mi_ 3 sec
68 min, 56 sec

20 hr, 40 min
7 days, 3 hr, 7 min
74 days, ]3 hr,

7 min
228 days, ]0 hr,

38 min, 56 sec

307 days, 7 hr,
25 min, 22 sec

23 min, 47 sec
1 hr, 8 min, 5 sec

32 min, 14 sec
2 min, 25 sec

1 min, 35 sec

9 hr, 57 min, 44 sec

3 hr, 53 min, 19 sec
20.06 sec

7 hr, 20 min, 6 sec

12 hr, 57 min, 11 sec
25 min, ]2 sec
53 min, 53 sec



TIMESPANS(Cont'd)
eventdurations,MarinerIV(cont'd)

pictureplaybackduration
first playback sequence

secondplayback sequence

total playback duration

maneuver inhibit sequence

black space picture sequenceand
playback

end of mission event

TIMING (see Central Computerand Sequencer)
TRAJECTORY(see Orbit Data)

aiming point diagram(see Fig. 37)
ecliptic view of pre- and post-encounter

trajectory (see Fig. 36)
TRANSPONDER(see Radio)

TRAPPEDRADIATIONDETECTOR

counting rates
detectors A, B, C

detector DI

detector D2

detection levels (number of detectors)

electrical components,numberof (see Table 9)
field of view (all detectors)

geometric factor, omnidirectional
detector A
detector B
detector C

geometricfactor, unidirectional
detector A

detector B

detector C

detector D1

detector D_

9 days, 6 hr,
24 min,35 sec

9 days, 6 hr,
14 min, 9 sec

18 days, 12 hr,
38 min,44 sec

39 min, 48 sec

2 days,9 hr, 59 min
34 min, 50 sec

0.6 to 10'

counts/sec
0.071 to 10_

counts/sec
0.059 to 10_

counts/sec
5
283

30 deg half.angle
cone

approx.0.15 cm=
approx.0.15 cm_
approx.0.].5 cm=

0.044 ± .005
cm' sterad

0.055 ± .005
cm' sterad

0.050 ± .005

cm_ sterad
0.065 ± .003

cm_ sterad

0.065 ± .003
cm_ sterad
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TRAPPEDRADIATIONDETECTOR(Cont'd)

look angle
detector A

cone direction
clock direction

detectors B, C, D,, D_,
cone direction
clock direction

measurementranges
detector P electrons

protons
detector B electrons

protons
detector C electrons

protons
detector D, electrons

protons
detector D= electrons

protons

power required
scientific results (see Scientific Data)

sensors, number of
weight (see Table 10)

]35 deg

]69 deg

70 deg
160 deg

>45 key
->670 _+30 kev
>_150 kev

->3.1Mev
>_40 kev
;>550 _+20 key
none
0.5 to 11.0 Mev
none
0.88 to 4.0 Mev
0.44 w

4
2.17 Ib

TRAVELINGWAVETUBEAMPLIFIER(see Radio)

TRAVELINGWAVETUBEAMPLIFIERCHANGEOVER

date

dayof fright

time

communicationtime (one way)

Earth-probe-Sun angle

Canopus-probe-Sun angle

spacecraft celestial longitude

spacecraft celestial latitude

Earth celestial longitude

Mars celestial longitude

spacecraft distancefrom Earth

spacecraft distance from Sun

spacecraft distance from Mars

13 Dec 1964

15

14:09:00

13.8 sec

56.8 deg

103.1 deg

83.0 deg

3.22 deg

81.6 deg

131.0 deg

4,158,654 km
2,584,188 mi

149,486,790 km
92,891,091 mi

184,427,040 km
114,597,650 mi
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TRAVELINGWAVETUBE AMPLIFIERCHANGEOVER(Cont'd)

distance traveled along heliocentric arc 44,971,252 km
27,949,815 mi

spacecraft velocity relative to Earth 6,961.4 mph
spacecraft velocity relative to Mars 56,114.4 mph
spacecraft velocity relative to Sun 73,567.3 mph

VELOCITYAT ENCOUNTER(see Fig. 39)

VELOCITYPERIODICALLYDURINGFLIGHT(see Table3)

VELOCITYOF MARINERIV RELATIVETO EARTH

periodically during flight (see Table 3)

injection
midcourse maneuver

changeover to traveling wave tube amplifier

DC.15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna
MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence
end of mission

25,598 mph

7,049.9 mph

6,961.4 mph

6,957.5 mph

7,710.5 mph

16,146.5 mph

21,231.3 mph

23,242.1 mph

32,703.7 mph

44,315.7 mph

56,174.8 mph

66,732.4 mph

80,469.2 mph

90,499 mph

VELOCITYOF MARINERIV RELATIVETO MARS

periodically during flight (see Table 3)
midcourse maneuver

changeover to traveling wave tube amplifier

DC-15Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence
end of mission

59,396.1 mph

56,114.4 mph

54,338.0 mph

47,319.7 mph

32,593.7 mph

27,494.4 mph

25,788.7 mph

19,060.0 mph
13,367.4 mph

10,374.4 mph

11,379.0 mph

10,370.4 mph
10,748 mph

79



VELOCITYOF MARINERIV RELATIVETO SUN

periodically during flight (see Table 3)
midcoursemaneuver

changeoverto traveling wave tube amplifier
DC-15Canopusgate override event
MT-6 changeoverto 8-1/3 bps
cover drop event

MT-1 Canopuscone angle update
MT-5 changeoverto high.gainantenna
MT-2 Canopuscone angleupdate
MT-3 Canopusconeangle update
MT.4 Canopuscone angle update
closestapproach
black space picture sequence
end of mission

at aphelionof heliocentric orbit
at perihelion of heliocentric orbit

VENDORS(see Table 24)

VIDEOSTORAGESUBSYSTEM(see Tape Recorder)

VOLTAGECONTROLLEDOSCILLATOR(see Radio)

WEIGHT

subsystemweights (see Table 10)
total spacecraft weight

WIDEANGLEACQUISITION(see also Planetary

Scan Platform)

date of wide angle acquisition
field of view of sensor

look angle of sensor (see also Fig. 5)
cone direction
clock direction

sensor scan limits, in clock angle

74,149.7 mph
73,567.3 mph
73,181.5 mph
71,146.8 mph

64,646.3 mph
61,787.3 mph
60,764.2 mph
56,373.6 mph
51,998.1 mph
48,751.0 mph

47,479.1 mph
48,310.2 mph
48,810 mph
48,500 mph
68,200 mph

574.74 Ib

time of wide angle acquisition

WIRINGANDCABLING

number of disconnect plugs, 1 to 69 contacts
in each 350

number of electrical components(see Table 9) 5
number of separate solder or mechanical

connections 8000
number of wires 4000

total length of wiring 6000 ft
weight of all wiring (see Table 10) 45.69 Ib

14 Jul 1965

48.5 deg cone

119.7 deg
camera direction

+ 1.0 deg
116.59 to 296.59

deg
23:42:41
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MeT

Table 2. Time cnversien pide

0100 2100 2000 1800 1700 1100 1030 0300

0200 2200 2100 1900 1800 1200 1130 0400

0300 2300 2200 2000 1900 1300 1230 0500

0400 2400 2300 2100 2000 1400 1330 0600

0500 0100 2400 2200 2100 1500 1430 0700

0600 0200 0100 2300 2200 1600 1530 0800

0700 0300 0200 2400 2300 1700 1630 0900

0800 0400 0300 0100 2400 1800 1730 1000

0900 0500 0400 0200 0100 1900 1830 1100

1000 0600 0500 0300 0200 2000 1930 1200

1100 0700 0600 0400 0300 2100 . 2030 1300

1200 0800 0700 0500 0400 2200 2130 1400

1300 0900 0800 0600 0500 2300 2230 1500

1400 1000 0900 0700 0600 2400 2330 1600

1500 1100 1000 0800 0700 0100 2430 1700

1600 1200 1100 0900 0800 0200 0130 1800

1700 1300 1200 1000 0900 0300 0230 1900

1800 1400 1300 1100 1000 0400 0330 2000

1900 1500 1400 1200 1100 0500 0430 2100

2000 1600 1500 1300 1200 0600 0530 2200

2100 1700 1600 1400 1300 0700 0630 2300

2200 1800 1700 1500 1400 0800 0730 2400

2300 1900 1800 1600 1500 0900 0830 0100

2400 2000 1900 1700 1600 1000 0930 0200
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Table 7. List of scientific investigators

Experiment I Investigators I
Affiliation

Television R.B. Leighton"

B. C. Murray

R. P. Sharp

R. K. Sloan

R. D. Allen

Helium E.J. Smith"

Magne- P.J. Coleman,Jr.
tometer

L. Davis, Jr.

D. E. Jones

Solar-plasma H.L. Bridge"
Probe

A. Lazarus

C. W. Snyder

Ionization H.V. Neher•

Chamber H.R. Anderson

Trapped- J.A. Van Allen"

Radiation L.A. Frank

Detector S.M. Krimijis

CosmicRay J.A. Simpson"

Telescope J. O'Gallagher

CosmicDust W.M. Alexander"
Detector

O. E. Berg

C. W. McCracken

California Institute of Technology

CaliforniaInstitute of Technology

California Institute of Technology

Jet PropulsionLaboratory

Jet PropulsionLaboratory

JetPropulsionLaboratory

Universityof California,Los
Angeles

California Instituteof Technology

BrighamYoungUniversityand
JetPropulsionLaboratory

MassachusettsInstituteof

Technology

MassachusettsInstituteof

Technology

JetPropulsionLaboratory

California Institute of Technology

Jet PropulsionLaboratory

State Universityof Iowa

State Universityof Iowa

State Universityof Iowa

Universityof Chicago

Universityof Chicago

NationalAeronauticsandSpace
Administration/Goddard Space

FlightCenter

NationalAeronautics and Space

Administration/GoddardSpace
Flight Center

National Aeronautics and Space
Administration/Goddard Space

Flight Center

,,Principal investigator

97



Table 7. (Cont'd)

Experiment I Investigators

Cosmic Dust
Detector

Occultation

LoSecretan

J. L. Bohn

O. P. Fuchs

A. J. Kliore_

D. L. Cain

G. S. Levy

V. R. Eshelman

F. Drake

I Affiliation

NationalAeronauticsandSpace

Administration/GoddardSpace

Flight Center

Temple University,Philadelphia

Temple University,Philadelphia

JetPropulsion Laboratory

Jet Propulsion Laboratory

Jet Propulsion Laboratory

Stanford ElectronicsLaboratory

Cornell University

,,Principal investigator

Table 8. Unit reference designations

Subsystem l Unit Ref. No.

Antennas High-gainantenna 21:1
Low-gainantenna 2E2

Attitude
Control

Control systemelectronics 7A1
Control gyrosand electronics 7A2
Attitude +X/-Y gas subsystem 7GA1

Gasvessel 7GV1

Gas regulator 7GR1
4-jet gas manifold 7GM41
2-jet gas manifold 7GM21

Attitude control -X/+Y gas subsystem 7GA2
Gasvessel 7GVll

Gas regulator 7GR1]
4-jet gas manifold 7GM411
2-jet gas manifold 7GM211

PrimarySun sensor 7PS2
Primary Sun sensor 7PS6
Secondary Sun sensor 7SS2
Secondary Sun sensor 7SS6
Sun gate detector 7SG2
Earth detector 7ED6

Canopussensor 7CS8
CanopusSunshutter 7CS8/A
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Subsystem

Central

Computer

andSequencer

Table 8. (Cent'd)

unit

Central clock
Launchcounter

Endcounter
Maneuver clock
Maneuver duration

Address regulator and maneuver
duration output

Input decoder
Central computer and sequencer

transformer-rectifier

Relay hold transformer-rectifier

I Ref.No.

5A!
5A2
5A3
5A4

5A5

5A6
5A7

5A8
5A9

Command Commanddetector No. 1
Commanddetector No. 2
Commanddetector No. 3

Commandprogramcontrol
CommanddecoderNo. 1
CommanddecoderNo. 2

Commanddecoder and power supply

3AI
3A2

3A3
3A4
3A5
3A6

3A7

Data
Automation

DASbuffers memory

RT DAS logic
NRT DASlogic
RTDAS logic
DAStransformer-rectifier

20AI
20A2
20A3

20A4
20A5

Data Encoder Pseudonoisegenerators
Modulator, mixer, transfer register,

data selector

Analog to digital converter
Analogto digital converter
Event counters

Functionalswitching
Decks 100, 110
Decks210, 220
Decks 200, 300

Decks400, 410
Decks420, 430
Low level amplifier
Power supply

6A1

6A2

6A3
6A4
6A5

6A6
6A7
6A8
6A9

6A10
6A11
6A12

6A13
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Table8.(Cent'd)

SubsystemI Unit I Ref.No.

Planetary Scan sensorand preamplifier 31A1
Scan Platform Scan electronics andtransformer-

rectifier 31A2
Scan electronics 31A3
Scan actuator 31A4

Science cover 31A5

Post-injection
Propulsion
System

Post-injection propulsion system IOA

Power Power regulator 4A8
Power distributionsubassembly 4A11
Power synchronizer 4A12
Battery chargerassembly 4A13

Battery assembly 4A14
2400-cps inverter 4A15
2400-cps inverter 4A16
400-cps l-phase inverter 4A17
400-cps3-phase inverter 4A18
Pyrotechnicscontrol assembly 8A1

Pyrotechnics control assembly 8A2

Radio Receiverassembly 2RA1
Receiverassembly 2RA2
Receivertransformer-rectifier 2TR1

Exciter assembly 2RE1
Attenuator 2AT1

Directional couplerhigh-gainantenna 2DC1
Directional coupler low-gainantenna 2DC2
Oscillator temperature transducer 213"1
4 Port circulator switch 2CS1
5 Port circulator switch 2CS2

Cavity filter No. 1 2CF1
Cavity filter No. 2 2CF2
Power amplifier 2PAl
Control unit 2CC1

Power amplifier powersupply 2PS2
Traveling wave tube power supply 2PS3

Travelingwave tube 2PA2
Exciters transformer-rectifier 2TR2
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Table 8. (Cont'd)

Subsystem ] Unit

Science
Instruments

Cosmicdust detector 24A1

Trapped radiation detector 25A1
Cosmic ray telescope 21A1
Ionization chamber 26A1

Plasma probesensor 32A1
Plasma probe electronics 32A2
Plasma probe electronics 32A3
Plasma probe electronics 32A4

Magnetometer electronics
transformer-rectifier 33A2

Magnetometer electronics 33A3
Magnetometer sensor 33A1
Narrow-angleMars gate 7MG1

UV photometer (deleted, replaced
by SPITS) 34A1

Solar Panels Solar panel +X 4A1
Solar pressurecontrol 7PC1
Solar panel -X 4A5

Solar panel pressure control 7PC5
Solar panel +Y 4A3
Solar panel pressure control 7PC3
Solar panel -Y 4A7
Solar panel pressurecontrol 7PC7
Solar panel fuse assembly 7PC10

Tape Recorder Tape machine 16A1

Tape electronics No. ] 16A2
Tape electronics No. 2 ]6A3
Tape electronics No. 3 and

transformer-rectifier 16A4

Tape electronics 16A5

Television OpticsTV 36A1
Camera head 36/i2

W video channeland computer 36A3
TV deflection and control 36A4
TV encoder 36A5
TV transformer-rectifier 36A6

Temperature Absorptivitystandard ] 1FM1
Control
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Table 10. Weights

1

Item I Weight, Ib

Engineeringsubsystems

Antennas 7.43

Central computer and sequencer 11.38
Command 10.12
Data encoder 22.43
Guidanceand control 63.29
Power 70.95

Propulsion 47.55
Pyrotechnics ]2.21
Radio 34.40
Solar panels 79.02
Structure 78.44

System wiring 45.69
Tape recorder 16.89
Temperature control ]5,53
Total, engineering subsystems

Science subsystem

Cosmic dust detector 2.10

Cosmic ray telescope 2.58
Data automationsystem 11.78
Heliummagnetometer 6.77
Ionization chamber 2.90

Planetaryscan 6.85

Solar plasmaprobe 6.41
Television 11.28

Trapped radiation detector 2.17
Ultraviolet photometersimulator 6.57
Total, science subsystem

Total Spacecraft

515.33

59.41

574.74
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Item Type of
redundancy

RF power
amplifiers

Table 11. Redundantitems on Mariner IV

I Description

RF exciters

Block

Pyrotechnics
assemblies

Pyrotechnic
arming switch

Block

Block

Attitude control

gas system

Block

Power booster

regulator

Block

Power frequency
control

Block

Analogto digital
converter and

pseudonoise
code generator

Block

Block

Two complete power amplifiers

plusassociatedpower supplies
switchable either by internal
logic or by groundcommand.
Only one operatesat any time.

Two identical exciters switchable

either by internal logic or by
groundcommand.Only one

operatesat any time.

Two identical half systems, both
on line continuouslyafter
separation.

Two separation-activated
switches: pyrotechnic arming
switch, and separation initiated
timer. Either one can power
both pyrotechnichalf systems.

Two half systems and pressure
bottles. Both operate continu-
ouslyafter attitude control
turn-on.

Failure sensing circuit detects
over/under voltage condition
at main booster output. Switches
maneuverbooster on and main
boosteroff.

Primary control is a 38.4-kc

synchronizationsignalfrom
the CC&S. In the absenceof

this, synchronizationis derived
from an oscillator internal to

power, or the inverters will

free-run at approximately
2.4-kc.

Two identical units switchable

by groundcommand.Only
one operating at any time.
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Item

Cruise science

control relay

Science cover drop

Endof TV record

sequence

Spacecraft cruise
and encounter

events

Midcourse trajec-

tory correction

Table 11. (Cont'd)

Typeof
redundancy Description

Functional

Functional

Functional

Functional

Block

Either separationor ground
commandDCo2controlsthe

primary cruise science power

supplyrelay. A secondary
relay is driven by CC&S MT-7
or groundcommandDC-25
to ensure cruise science "on"

during encounter.

Solenoid actuated via pyrotechnic
control assembly is primary;

backup is via lanyard.

Primary is second end-of-tape

signal; secondaryis inhibition
of "start record" commands
after 11 nonreal-time science
frames.

CC&Sevents are primary; backup

is via groundcommand.

Duplicatepyrotechnic-actuated
valves providethe capability
for two midcoursemaneuvers.
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Table 12. Typesof environmental tests

Major tests

System level I Subsystem level
I

Vibration
Shock
Acoustic
Thermal-vacuum

Electromagnetic
interference

S-band RF

Benchhandling
Transportationvibration
Humidity

Explosiveatmosphere
Shock

Static acceleration

Low-frequencyvibration
Complexwave vibration
Thermal-vacuum

Thermal shock
RF interference

Magnetics

(cont'd)
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Table 12. (Cont'd)

Miscellaneous tests

Type I Oescrlptlon

Structural test model

Temperature control model

Developmentaltest model

Extra test model

Launch vehicle interface

Basic structure static test

Vibration

Modal survey
Acoustic

Electromagneticinterference
Low-speed impact(handling)
Shroud cavity purging
Solar panel deployment

Space simulator thermal-vacuum
Stray light reflectance
Prelaunch cooling
Solar vane thermal

Simulated midcourseinteraction
Acoustic

Shroud/adapter/spacecraft combined
vibration

Antenna pattern

Adapter/spacecraft static

Spacecraft separation
Spacecraft/umbilical connector

retraction

Shroud wind-tunnel
Launch vehicle shroud contamination
Shroud acoustic

ShroudRF attenuation
Solar panel/shroud impact simulation

108



Table 12. (Cont'd)

Type

Other tests

Miscellaneous tests

Description

Noisemeasurementsof CapeKennedy
operations

RF noisesurvey of space simulator
Dampedstructure feasibility
Electronic packagingdevelopment
Preliminarymatch-mate
Solar vane deployment

Solar vane actuator impact
High-gainantenna and Canopustracker

temperature control
High-gainantenna combinedheating

and vibration

Thermal shieldoutgassing
Thermalblanket ballooning
Solar panel temperature spectrum
Solar panel transporter
Low-gain antenna extreme temperature
Electronicassemblyshippingcontainer

Solar panel structural development
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Table 15. Subsystemenvironmentaltest summary

Environment No_ofsub- Total items Total

_:,'_;';_" in.st f, lu,., I

Failure
rate, %

TA tests

Benchhandling 22 39 O 0
Packagedrop 25 39 0 0
Transportationvibration 27 85 0 0
Humidity 31 51 5 9.8

Explosiveatmosphere ]8 19 0 0
Shock 49 116 3 2.6
Acceleration 46 89 0 0

Lowfrequency vibration 51 90 6 6.7
Complexwave vibration 54 154 24 15.6
Vacuum/Temperature 50 95 19 20.0
Thermal shock 26 28 1 3.6

FAtests

Vacuum/Temperature 41 310 28 9.0
Complexwave vibration 49 538 26 4.8
Temperature 2 21 1 4.76

Totals

TA tests
FAtests

805 58 avg 7.2
869 55 avg6.33

]674 113 avg6.86

Table 16. System level environmentaltest summary

Problem
I TA I FA

Interface problemsresolved throughsystems
environmentaltests

Componentchangeswhich should have been
detected at assembly level

Failure in structure or componentthat could
only be detected at systemslevel

Changes indicatingneed for closer project
monitoring of majorproject systems

114



Table 17. Performance comparisonbetween TAand FAtests:
vibration and vacuum/temperature

Vibration

I'°l i I""Type tests Pass Fad rate

•TA 244 214 30 12.3

FA 538 512 26 4.8

Vacuum/Temperature I Overall

I I I failure
NO. I o... _ c_. I Failure Irate, %

te'l r, I ....1 rat,l
95 76 19 20.0 14.5

310 282 28 9.0 6.3

Table 18. Spacecraft tests

At JPL

Subsystemtests

Subsysteminterface tests

Systemtests

Attitude control quantitative
leak test

Electrical modal survey

Space simulator test

Vibrationtest

Weight and center-of-gravity
measurement

Free mode test

Magneticmapping

Agena/spacecraft interface test

Midcoursemotor dynamictest

Launchcountdowndummy run

Space Flight Operations/
spacecraft/Deep Space
Network compatibility test

Current loop test

At AFETR

System tests

Spacecraft/Agena adapter
matchmate

Electrical test

RF loop calibration

Dummyrun countdown

Umbilical release test

Coolingtest

Joint flight-acceptancecomposite
tests

Scienceinstrumentcalibrations

Magneticmapping

Spacecraft/Agenamatchmate

Final systemtest

Final electrical tests

Spacecraft post-matchrnate
checkout
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Table 21. List of ground commands

C  aodI

DC-1

DC-2

Command name

I Command address
Binary I Octal

CommandData Mode ] '

CommandData Mode 2,
Turn-oncruise science

DC-3 CommandData Mode 3

DC-4 CommandData Mode 4

DC-5 Commandswitch data rate

DC-6 Commandswitch ADC/PNG•

DC-7 Switch power amplifier

DC-8 Switch exciters

DC-9 Switch ranging

DC-]O Transmit high, receive low

DC-I! Transmit high, receive high

DC-12 Transmit low, receive low

DC-13 Maneuver commandinhibit,
Inhibit propulsioncommand

DC-14 Removemaneuver inhibit

DC-15 Canopusgate inhibit override

DC-]6 Narrow angle acquisition

DC-17 Cycle Canopuscone angle

DC-18 Gyroson: inertial control,
Positive roll

DC-]9 Gyrosoff: normalcontrol

DC-20 Removeroll control

DC-21 Rolloverride: negativeincrement

DC-22 Track change

llO 000 011 O0 6 030

110 011 011 lO 6 332

110 I01 01! O0 6 530

llO 011 101 O0 6 350

110 000 101 O0 6 050

110 000 llO O0 6 060

110 001 001 O0 6 110

110 110 101 10 6 652

110 110 011 10 6 632

110 110 000 O0 6 600

110 101 110 O0 6 560

110 101 101 O0 6 550

110 010 111 O0 6 270

110 010 100 O0 6 240

110 001 100 O0 6 140

110 101 000 O0 6 500

110 010 001 O0 6 210

110 100 100 O0 6 440

110 100 010 O0 6 420

110 111 100 O0 6 740

110 111 010 O0 6 720

110 111 001 O0 6 710

.Analog-to-digital converter/pseudonoise generator
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Table 21. (Cent'd)

Command
No. Command name

DC-23 Arm secondpropulsionmaneuver

DC-24 Inhibit scan search

DC-25 Turn-onplanet science
Unlatch cover

DC-26 Turn-off planet science, cruise

science, and battery charger

DC-27 Initiate midcourse maneuver

DC-28 Turn on battery charger, turn off
2.4 kc to

DC-29 Arm first propulsionmaneuver

QC-! Maneuvercommandbits to CC&S

OCI-I lO pitch turn duration

QC1-2 01 roll turn duration

QC1-3 11 motorburn duration

t Command adiressOctal Binary

1]000l ]11 O0 6 170

110 100 001 O0 6 410

110 010 010 O0 6 220

210 011 110 O0 6 360

110 100 111 O0 6 470

110 1]0 1]0 ]0 6 662

110 001 010 O0 6 120

II0 011 000 11 6 303

110 011 000 O0 6 300

110 011 000 10 6 302

=Analog-to-digital converter/pseudonolse generator
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Table 22. DesCriptionof |round commands

Cemmand I
Effect

DC-I

DC-2

DC-3

DC-4

DC-5

DC-6

DC-7

DC-8

DC-9

DC-IO

DC-11

Transfers the data encoder to Data Mode ! operation(all
engineering words) as soonas the transfer is acceptable
to the data encodertransfer logic.

Transfers the data encoderto Data Mode2 operation (20
engineering words, 40 sciencewords) as soonas the

transfer is acceptable to the data encodertransfer logic;
applies 2.4-kc power to the cruise science instruments.

Transfers the data encoderto Data Mode3 operation (all
sciencewords)as soonas the transfer is acceptableto the
data encodertransfer logic.

Transfers the data encoderto Data Mode 4/Data Mode 1

operation (television picture data or engineering data) as
soon as the transfer is acceptableto the data encoder
transfer logic. If television picture data is available from
the video storagetape recorder, television data is tele-
metered; if no television data is present (as between
television pictures),then engineering data is telemetered;
removes2.4-kc powerfrom the cruisescience instruments.

Transfers the data encoderfrom one bit rate to the other.

The data encodercanoperateat either 8-1/3'or 33-1/3 bps.

Transfers the data encoderfrom one analog-to-digital
converter/pseudonoisegenerator (ADC/PNG)to the other.
The data encoderhas two ADC/PNG's,A and B.

Transfers the radio from one poweramplifier to the other.
The radio subsystemhastwo power amplifiers, A
(traveling-wavetube) and B (cavity).

Changesthe radio from one exciter to the other. The
radio subsystemhas two exciters, A and B.

Turnsthe spacecraft radioranging-receivereither onor off.

Causesthe radiosubsystemcirculator switchesto be con-

ditioned so that the spacecraft transmits via the high-gain
antenna and receives via the low-gainantenna.

Causesthe radio subsystemcirculator switchesto be con-
ditioned so that the spacecraft transmits and receives via

the high-gainantenna.
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Table 22. (Cont'd)

Command 1 Effect

DC-]2

DC-]3

DC-]4

DC-15

DC-16

DC-17

DC-18

DC-19

DC-20

Causesthe radio subsystemcirculator switchesto be con-

ditioned so that the spacecraft transmitsand receives via
the low-gainantenna.

Removesthe attitude control excitation powerfrom the
CC&Scontrol lines so that the attiude control functions
that are controlled by the CC&Sare disabled. DC-13also

preventsthe pyrotechnicscontrol circuitry from firing
the motor start and stop squibs.

Reversesthe stae of all the relays acted uponby DC-13.
DC-14, therefore, is a reset for DC-13and reverts the
attitude control and pyrotechnicssubsystemsback to
CC&Scontrol.

Causes the Canopustracker roll error signal to be
applied to the roll gas jet electronics at all times,
regardlessof whether or not the roll acquisition logic is
satisfied, and also preventsthe rotl search signal from

being applied to the roll channel, and roll acquisition
logic violations from turning on the gyros.

Initiates a narrow-angleacquisition signal and thereby
conditionsthe data automation subsystem(DAS)logic
to begin the television picture taking sequenceand to
transfer the data encoderto Data Mode 3.

Causesa step changein the Canopustracker cone angle

by changingthe voltage on the deflection plates of the
Canopustracker's image dissector.

Turns on the gyros (in the inertial mode)and the
Canopustracker Sunshutter, and turns off the Canopus
tracker. DC-18also turns onthe turn commandgenerator
and conditionsthe attitude control circuitry for com-

mandedroll turns. SucceedingDC-18's cause clockwise
2.25-deg roll turns.

Serves as the reset for DC-15, DC-18,and DC-20.

Turns off the Canopustracker and turns on the Canopus
tracker Sunshutter; also inhibits the roll acquisition

logic from turning on the gyros.
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Table 22. (Cont'd)

Command I
Effect

DC-21

DC-22

DC-23

DC-24

DC-25

DC-26

DC-27

DC-28

Simulatesa Canopusacquisition logic violation, turns

on the gyros, and applies a negative roll search signal
to the roll gas jet electronics;thereby causingthe
spacecraft to counterclockwiseroll searchto acquire a
new target. DC-21 will also cause the spacecraft to roll
turn 2.25-deg counterclockwiseif precededby a DC-18.

Changesvideo storagetape tracks by applying powerto
a record head and gating the output of the playback
amplifiers.

Sets relays in the pyrotechnicssubsystemso that CC&S

commands,M-6 and M-7 are routed to the squibsallotted
to the secondmotor burn.

Removes400-cps single-phasepower from,the scan plat-
form drive motor.

Causes2.4-kc power to be applied to encounterscience
loads,the video storage subsystem,and also the cruise
science loadsif 2.4-kc power was off to cruise science;
while at the same time applying 52 vdc from the

booster-regulatorto the 400-cpssingle-phaseinverter,
which in turn suppliespower to the scan subsystem
drive motor and the video storagesubsystemrecord
motor. DC-25 also enables the battery charger boost
mode and causesthe pyrotechnicssubsystemto energize
the solenoidthat releases the scan platform science
cover.

Removes2.4-kc power from all of the science loads
(video storage 2.4-kc power remains on) and 52-vdc
power from the 400-cps single-phaseinverter; also
enables the battery charger boostmode.

Starts the maneuversequenceby issuingthe CC&Scom-
mand M-1 (turn on gyros), by applyingpower to the
maneuverclock, and by removingthe maneuverclamp
and a flip-flop reset signalfrom the CC&Smaneuver
circuitry.

Removes2.4-kc power from the videostoragesubsystem
and enables the charge modeof the battery charger.
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Table 22. (Cont'd)

Command ]
Effect

DC-29

QCI-1

QC]-2

QC]-3

Sets relays in the pyrotechnicssubsystemso that the
CC&ScommandsM-6 and M-7 are routed to the squibs
allotted to the fir:t motor burn.

Sets pitch turn polarity and preloadsthe CC&Spitch shift

register so that, at a counting rate of 1 pps, the register
will fill in the required time interval for the attitude

control subsystemto pitch turn the spacecraft the
amount required for a given midcourse maneuver.

Sets roll turn polarity and preloads the CC&Sroll shift
register so that, at a countingrate of ]. pps, the register

will fill in the required time interval for the attitude
control subsystemto roll turn the spacecraft the amount
required for a given midcourse maneuver.

Preloads the CC&Svelocityshift register so that, at a

counting rate of 20 pps,the register will fill in the time
interval necessaryfor the midcoursemotor to burn so
that the spacecraft obtains the required velocitychange
for a given midcoursemaneuver.

Table 23. Description of central computerand sequencer commands

I1"-ISet Reset desiznatlon
Function

X O L-1

X 0 L-2

X 0 L.3

X X M-1

X X M-2

X X M-3

Deploysolar panels,vanes, scan platform

Turn attitude control Sun acquire on

Turn attitude control Canopusacquire and
solar vanes on

Gyroson, data encoderto Data Mode 1

Spacecraft on inertial, autopilot on, Sun

and Canopus off

Turn polarity (set if plusl

Columns 1 and 2 specify the conditions to aive a telemetry event to counter 2.

An X in a column indicates a channel 2 event, A ZERO Indicates no channel 2

event. PARENTHESES around a command Indicate a reset.
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Table 23. (Cant'd)

I1""'1Set Reset desipation

X X M-4

X X

X X

X 0

X 0

X 0

X 0

X 0

X 0

X 0

X 0

X 0

X 0

X O

X 0

X 0

Function

Pitch turn start

(M-4) Pitch turn stop

(M-3) Turn polarity reset

M-5 Roll turn start

M-3 Turn polarity(set if plus)

(M-5) Roll turn stop

(M-3) Turn polarity reset

M-6 Midcourse motor ignition

M-7 Midcoursemotor turn off

(M-]) _ (Attitude reacquireSun and Canopus

_Data encoderto Data Mode 2
(M-2) _ _,Auto pilot off, spacecraft to normal

Midcourse counter reset for next start

MT-6 Changedata encoderbit rate to 8-]/3 bps

MT-1 ChangeCanopuscone angle

MT-5 Transfer to transmit via high-gain antenna

MT-2 ChangeCanopusconeangle

MT-3 Change Canopuscone angle

MT-4 ChangeCanopuscone angle

_ [Encounter science on (or all science on)

MT-7_ _Battery chargeroff

_Deploy science platform cover

MT-8 Encounterscienceoff (or all science off)

MT-9 Data encoderto Data Mode 4, cruise

science off, start playback

CY-1 Backupswitchingto radio

Columns 1 and 2 specify the conditions to give a telemetry event to counter 2.

An X in a co|,,rnn indicates a channel 2 event, A ZERO indicates no channel 2

event. PARENTHESES around a command indicate a reset.
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Table 24. Contractorsand majorsubcontractors

Name I Responsibility

Contractors

General Dynamics/Astronautics
San Diego, Calif.

Rocketdyne
Divisionof North American

Aviation, Inc.
Canoga Park, Calif.

General Electric Co.
DefenseElectronics Division

Syracuse,N. Y.

BurroughsCorporation
Defense,Space, & Special SystemsGroup
Paoli, Pa.

LockheedMissilesand Space Co. (LMSC)
Sunnyvale,Calif.

Bell AerosystemsCo.
Buffalo, New York

Jet PropulsionLaboratory
California Institute of Technology
Pasadena,Calif.

Atlas (purchasedthroughthe
SpaceSystems Divisionof USAF

SystemsCommand)

Atlaspropulsionsystems

Atlas radio commandguidance

Groundguidance computer

AgenaD (purchaseddirectly by
Lewis ResearchCenter)

AgenaD propulsionsystem

Spacecraft

Major subcontractors

AdvancedStructures Division

Whittaker Corp.
La Mesa, Calif.

Airrite Products

Divisionof ElectradaCorp.
Los Angeles,Calif,

Alpha-TronicsCorp.
Monrovia,Calif.

Anadite Co.

Los Angeles,Calif.

Spacecraft high_ain antennas

Midcoursepropulsionfueltanks,
nitrogen tanks

Data automation system

analog-to-pulsewidth converters

Surface treatment of structural
elementsand chassis
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Name

Table 24. (Cont'd)

I
Majorsubcontractors

Responsibility

AnchorPlating Co.
El Monte, Calif.

Applied DevelopmentCorp.

MontereyPark, Calif.

Astrodata Inc.

Anaheim,Calif.

BarnesEngineeringCo.
Stamford, Conn.

BendixCorp.
Scintilla Division

Santa Ana,Calif.

BergmanManufacturingCo.
San Rafael, Calif.

CannonElectric Co.

LosAngeles,Calif.

CBS Laboratories

Divisionof ColumbiaBroadcasting
System, Inc.
Stamford, Conn.

ComputerControl Co. Inc.
Framingham,Mass.

Correlated Data Systems Corp.
Glendale,Calif.

Data-TronixCorp.
King of Prussia,Pa.

Gold plating

Groundtelemetry decommuta-

tors, printer programmers

Time code,generator/transla-
tors, groundcommandread-

write-verify equipment,
encodersimulator, and space-

craft systemtest data system

Canopusstar tracker electronics

Connectors

Chassisforgings

Connectors

Image dissectortubes for
Canopusstar trackers

Real time data automation

system logiccards for scientific
instruments,operational sup-
port equipment,DASvoltage-
to-pulse-widthconverters

Spacecraft external power

source and solar panelsimula-
tors, voltage controlled
oscillators

Voltage controlled oscillators
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Name

Table24.(Cent'd)

I
Major subco.tractors

Responsibility

Delco RadioDivision

General MotorsCorp.
Kokomo,Ind.

Digital EquipmentCorp.
LosAngeles,Calif.

Dunlapand Whitehead ManufacturingCo.
Van Nuys, Calif.

DynamicsInstrumentation Co.
Monterey Park, Calif.

The ElectricStorage Battery Co.

Raleigh, N. C.

Electro-OpticalSystems, Inc.
Pasadena,Calif.

Electronic Memories, Inc.
LosAngeles,Calif.

EngineeredElectronicsCo.
Santa Ana,Calif.

FargoRubberCorp.
LosAngeles,Calif.

FarrandOptical
New York, N. Y.

Franklin Electronics,Inc.

Bridgeport,Pa.

General DynamicsCorp.
General Dynamics/Electronics
San Diego, Calif.

GeneralElectrodynamicsCorp.
Garland,Texas

Telemetry format simulators

Data automation systemopera-

tional supportdata system

Midcoursepropulsionand
structural elements

Groundtelemetry consoles,
assemblyof planetary scan
subsystemelectronics

Spacecraft batteries

Ionizationchamber assemblies,

assemblyand test of spacecraft
solar panels,modification and
test of spacecraft powersystem,
spacecraft assemblycables

Magnetic counter assemblies
for spacecraft central computer
and sequencer

Non-realtime data automation

system

Midcourse propulsionfuel tank
bladders

Televisionoptical systems

Groundtelemetry high speed
digital printers

Assemblyof television
subsystems

Vidiconsand television tube
test set
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Name

Table 24. (Cont'd)

I
Major subcontractors

Responsibility

Grindley ManufacturingCo.
Los Angeles,Calif.

Hi-ShearCorp.
Torrance, Calif,

HughesAircraft Co.
MicrowaveTube Division

LosAngeles, Calif.

IMC MagneticsCorp.
Westbury, N. Y.

International Data Systems, Inc.
Dallas, Texas

Kearfott Division

GeneralPrecision, Inc.
LosAngeles,Calif.

LawrenceIndustries, Inc.
Burbank,Calif.

LockheedAircraft Service Co.

DivisionLockheedAircraft Corp.
Ontario, Calif.

LockheedElectronicsCo.

DivisionLockheedAircraft Corp.
Los Angeles,Calif.

Magnamill
Los Angeles,Calif.

MassachusettsInstitute of Technlogy
Divisionof SponsoredResearch
Cambridge,Mass.

Metal BellowsCorp.
Chatsworth,Calif.

Milbore Co.

Glendale,Calif.

Midcoursepropulsionjet vanes,
fuel manifolds, oxidizer cart-

ridge shell, and supports

Squibs

Travelingwavetubes

Solar vane actuators

Groundcommandmodulation

checker, telemetry power
supplies

Gyroscopes,jet vane actuators

Printedcircuits

Spacecraftlow-level positioners

Solar cell modulesand mag-

netic shift register for central
computerand sequencer

Structural elements and chassis

Solar plasmaprobes

Midcourse propulsionoxidizer
bellows assembly

Midcoursepropulsionengine

components
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Table 24. (Cont'd)

Name I
Majorsubcontractors

Responsibility

Mincom Division

Minnesota Mining and ManufacturingCo.
Camarillo, Calif.

Motorola, Inc.

Military Electronics Division
Scottsdale, Arizona

Nortronics

A Divisionof Northrop Corp.
Palos VerdesEstates, Calif.

Philco Corp.
Paid Alto, Calif.

ProtoSpec
Pasadena,Calif.

Pyronetics,Inc.
SantaFe Springs, Calif.

RantecCorp.
Calabasas,Calif.

RaymondEngineeringLaboratory,Inc.
Middletown,Conn.

RyanAeronauticalCo.

AerospaceDivision
San Diego, Calif.

Siemensand HalskeAG

Munich, West Germany

SpaceTechnologyLaboratories
El Segundo,Calif.

SperryUtah Co.
A Divisionof Sperry RandCorp.
Salt Lake City, Utah

Groundtelemetry tape recorders

Spacecraft transponders,com-
mand systemsand associated
operational support equipment,
and DSIF equivalent operational
supportequipment

Developmentand supportof
attitude control electronics

Integrated circuit sequence

generator system,spacecraft
antenna feeds and spacecraft
antenna subsystemtests

Chassisand subchassis

Midcoursepropulsion system
explosiveactuated valves

S-band circulator switches,
pre-selection and band rejection
filters

Spacecraft video storage tape
recorder

Spacecraft solar panel structure

RFamplifier tubes

Spacecraft central computer
and sequencerand associated
operational supportequipment

Magnetometer mappingfixture
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•Name

Table 24. (Cont'd)

I
Majorsubcontractors

Responsibility

State Universityof Iowa
Iowa City, Iowa

Sterer Engineeringand ManufacturingCo.
North Hollywood,Calif.

Texas Instruments, Inc.
ApparatusDivision
Dallas,Texas

Textron Electronics,Inc.
Heliotek Division

Sylmar,Calif.

ThompsonRamoWooldridge, Inc.
RedondoBeach, Calif.

Univac

Divisionof Sperry RandCorp.
St. Paul, Minn.

The University of Chicago

Chicago,III.

WEMS, Inc.
Hawthorne,Calif.

WymanGordonCorp.
Los Angeles,Calif.

Trapped radiation detectors

Valvesand regulatorsfor
attitude control gas system

Spacecraft videostorage sub-
systemelectronics, spacecraft
data encodersand associated

operational supportequipment,
helium magnetometers,attitude
control gyro electronics assem-
blies, data demodulators

Silicon photovoltaicsolar cells

Thermal control louvers, and

powerconverters

Spacecraftdata autQmation
systembuffer memory

Spacecraftcosmicraytelescopes

Spacecrafttelevisionelectronics
modules,spacecraft attitude
control electronic modules

Spacecraft structural forgings

In additionto these subcontractors,there were over 1,000 individualfirmscon-
tributingto Mariner.
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(o) TOp VIEW

LOW-GAIN ANTENNA--_,_

ION CHAMBER_ t -i

Y

PLASMAPPOSE__

f_._v.-_, o-_ L_
GAS JETS

,O.-GA,."A";_NNA

RD ÷ YAW

BAY 11"POST INJECTION

PROPULSION SYSTEM

SCIENTIFIC EQUIPMENT AND
DATA AUTOMATION

(b) BOTTOM VIEW

LOW-GAIN
ANTENNA WAVE GUIDE_-_

_'[ ]" /--MAGNETOMETER
"1 I / SENSOR SOLAR
_L.,/ PRESSURE

/__-"K'_ V" ,-SOLARPANELOAMPERVANE-_

_ f _ /-BAY _ POWER REGULATOR
",,,yANE ACTUATOR__t---'._II_._J._ I P_ / AND BATTERY

__ _"_L_._ _\. . _ CANOPUS SENSOR

-_ \ \ ",-BAy_'_II__A'TTITUDECONTROL

...................... \ \ \ ANDCCe,S
\ \ '--TVCAMERAIOE-ANGLEACOUlSmONLENS

BAY "_r RF COMMUNICATIONS

Fig. 1. Mariner Mars 1964 spacecraft: (a) Top view, (b) Bottomview
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SQUARE-ROOTSUN
SENSOR ATTITUDECONTROLANDCC8S

H
RF COMMUNICATIONS

Fi
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BAY Xrtll

POWER REGULATOR
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SOLAR PANEL OPEN

DAMPER (CRUISE)
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DATA ENCODER

AND COMMAND
D

BAY rIX

SCIENTIFIC EQUIPMENT AND

DATA AUTOMATION

I

+ PITCH

.PROPULSION

SUBSYSTEM
THERMAL
SHIELD

_AY D

SUN

SENSOR (PRIMARY)

GATE OETECTOR

SEPARATION BAY _I

INITATEDTIMER_ H _ G /---SQUARE-ROOT
\ N _/ SUN SENSOR

CANOPUS SENSOR _ " _cn^o^'r,r_Pu (SECONDARY)

BAY "orY SEPARAT,ONL,NEA.
PYROTECHNIC _/'_'_1_ \ \ / I \ _--_ POTENTIOMETER

ARMING f/// \ \ _/ ; _ _ PLUNGER

H._ _ OPERATING//_X'_:::=,.._//124 clegSCAN) {.i._Jl,u_.

I_ _RANGE _ _ OPERATING/

O,SCONNECT
BAY 'If_ _ , I /_K

//'_, /_.'_/ [ F_ _// _ LOWER THERMAL

SQUARE-ROOT _"1_.\ OSMIC R

SUN SENSOR + YAW_ TELESCOPE(SECONDARY)

Fig. 2. Spacecraft mechanicalconfiguration: (c) top and bottom views
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VIEW LOOKING FROM

SUN AT ANTENNA

SIDE OF OCTAGON
AX (+) cw (FAR SIDE)

(-) ccw (NEAR SIDE)

-Y AXIS

JET BY (+) cw (NEAR SIDE)

(-) cw (FAR SIDE)
JET BZ (--) ccw

CANOPUS SENSOR

JET AY (+) cw (FAR SIDE)

(-) ccw (NEAR SIDE)-- 7
/

cc..\

+Y AXIS

JET BX (+) cw (NEAR SIDE)

(-) ccw (FAR SIDE)

Fig. 3. Attitude control gas jet configuration
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124 deg CLOCK
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34
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TRACKER

158

de9
CLOCK

+CLOCK
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0 de
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(o) CLOCK ANGLE

-_}_ = JSPACECRAFT

SUN CANOPUS_

CANOPUS

EARTH

EARTHO_

SUN CONE /
_)_ ANGLE / _1

..-_tO_ ' _SPACECRAFT

(b) CONE ANGLE

Fig. 4. Clock-and cone-angle descriptivediagram:(a) Clockangle,
(b) Cone angle



TELEVISION CAMERA
AT ENCOUNTER

178.45 deg
TELEVISION

CAMERA

237.79 deR

257.89 deg

MARS GATE

PLATFORM

258.03 deg

116.59

deg
PLATFORM

SCAN LIMITS
180 ACQUISITION

SENSOR
238.79 deg

O - dog ANGLE

Fig. 5. Planetary scan platform relative look angles, shown with

platform in pinned position
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Fig. 7, High.gain antenna beamwidths:(a) Major pattern axis,
(b) Minor pattern axis
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ION CHAMBER- 26

FiE. 17. Data automation system real-time science telemetry format
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[No OF DAS- 20
M_ 3

SCAN -31
I TV- 34_

I

MAGNETOMETER-33

PLASMA PROBE-3Z

ULTRAVIOLET PHOTOMETERS-34
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FORMAT / / /
O_,_A-I-,-Tv-_p- RT,-,.i_Tv_ RT2
TION / / /

._ 50.4 sec RT FRAMEL_

AT 8- I/3 bp$ I-
/

REAL-TIME
DATA J _\\\_I CRU,SEDATA_\\_

ENCOUNTER
280 DATA

=4O

During the 24 sec of each TV block, the buffers A and B are alternately

loaded and dumped into the tape machine. Every 120 msec, the following
data are loadedinto one of the buffers:

31 bits

4 bits
3 bits

9 bits
3:bits

1 bit
10 bits

1200 bits

1261 bits

PN sequence
NRTframe count
Subframe count

Line number
TV AAC1, 2, 3, or filter position, shutter time and ZERO

(sub-commutatedevery other line)
Real-timedata

17/performance data: signal level and G1 voltage (sub-
commutatedevery other line)

TV picture data, 200 elements

Total load

Total number of bits for 24 sec:

1261 × 200 = 252,200 bits/block

or 504,400 bits/NRT frame

Fig. 18. Data automationsystem encountertiming
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During the 24 sec of the RT1 block, only buffer A is loaded as follows:

80 bits Tape servo bits
31 bits PN sequence

4 bits NRTframe count
3 bits Subframe count
9 bits Line number

3 bits Spare
200 bits Real-timedata

330 bits Total/NRT frame

During the 72 sec of the RT2 block, only buffer B is loaded as follows:

80 bits Tape servo bits

31 bits PN sequence
4 bits NRT frame count
3 bits Subframe count
9 bits Line number

3 bits Spare
600 bits Real-time data

730 bits Total/NRT frame

The total numberof bits recorded on the tape machine is variable, depend-
ing on the accuracyand stability of the 10.7-kc bit synchronizationclock;
at 10.7 kc, 1284 bits are recorded on the tape machine each time a buffer

is read out. The nominal total number of bits recorded on the tape machine
during each 144 sec frame is then:

2 TV Blocks 513,600 of which 504,400 are significant
RT1 Block 1,284 of which 330 are significant
RT2 Block 1,284 of which 730 are significant

516,168 total bits recorded

173



_z_
_ I;J u)
z>z
_lww

_,,

w __
_>,
zz

_'r,_

Oz z

174



Fig. 20. locations of photographed portions of Martian surface 
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60.0 ' , I I
TOTAL MEASUREMENTS_ I

40.0 I I i _ i_

SCIENCE I x, / -

MEASUREMENTS--_ _ /

20.0 _ _/__

o_ to.o / i_- / i s-
X 8.0

_. 6.0 i
z
,,, / _

4.0

a:tUD I_ / _ _ - ENGINEERING

MEASUREMENTS
o9

2.0
INDENTIFICATION=E _SYNC

AND STATUS
tJ,.

°
o: 1.0

_ 0.8

_ 0.6
z

O.4 ''>
DATA

0.2

0.1
1964 "q- "_ 1965
I
I 34 73 113 153

DAY OF FLIGHT

193 233 273

Fig.22. Quantityof telemetrymeasurementsvstime
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_- TRAjPOSTENCOUNTER r-" F_R'E--_NTER

ECTORY / TRA_IEC O

f/ / _-ENCOL_TER _ 1
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_BIT
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Fig.35. Pre-andpost-encountertrajectory,eclipticview
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Fig. 45. Spacecraft celestial longitude, 1965-1968
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